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PREFACE  TO  THE  FIFTH  EDITION 

Since  the  fourth  edition  of  this  work  was  published,  three  years  agi, 
the  European  War  has  happily  come  to  an  end.  Medical  workers,  like 
those  in  other  branches  of  science,  can  now  again  devote  their  energies 
to  peaceful  research,  instead  of  repairing  sick  and  wounded  com- 
batants, only  to  fit  them  to  fling  themselves  afresh  into  the 
murderous  arena. 

But  even  during  the  recent  war  neurology  has  not  ceased  to 
advanc:-.  Numerous  new  and  important  facts  have  been  learned 
with  reference  to  war  injuries  and  diseases,  whilst  fresh  problems 
have  also  arisen  in  civilian  neurology,  many  of  them  yet  unsolved. 

The  present  edition  has  been  revised  and  in  part  rewritten.  A  short 
chapter  upon  war  neuroses,  regarded  from  the  clinical  standpoint, 
has  been  added,  but  without  attempting  to  discuss  the  various  meta- 
physical theories,  more  or  less  abstruse,  propounded  to  explain  them 
by  eminent  psychologists  of  difEerent  schools. 

Contemporaneously  with  the  publication  of  the  present  volume,  a 
Spanish  edition  of  the  work  is  being  published  in  Barcelona. 

From  the  kindly  reception  accorded  to  former  editions  of  this  work, 
it  is  not  unreasonable  to  infer  that  it  has  probably  been  found  of 
some  practical  use.  Nevertheless,  the  person  who  learns  most  from 
such  a  book  is  not  the  reader,  but  the  writer  himself. 

I  {have  to]  acknowledge  my  indebtedness  to  the  many  co-workers 
whose  observations  have  been  incorporated  in  the  present  edition 
and  have  helped  to  remedy  some  of  its  deficiencies.  I  have  also  to 
thank  my  colleague  Dr.  Hildred  Carlill  for  his  kinJ  help  in  correcting 
the  proof-sheets  as  they  passed  through  the  press. 

Fig.  6S,  p.  135,  is  borrowed,  by  kind  permission  of  the  author, 
from  Professor  Judson  Herrick's"  Introduction  to  Neurology." 


JAMES  PURVES  STEWART. 


94,  Harley  Street,  London,  "W.  1. 
December,  1919. 
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CHAPTEK  I 

ANATOMY  AND  PHYSIOLOGY 

There  is  no  department  of  medicine  in  which  an  accurate  knowledge 
of  anatomy  is  of  greater  importance  than  in  the  diagnosis  of  nervous 
diseases.  Let  us  therefore,  at  the  outset,  recall  some  of  the  main 
points  in  the  anatomy  and  physiology  of  the  nervous  system. 

The  nervous  system  consists  of  two  main  divisions: — (1)  the 
cerebro-spinal,  comprising  the  brain  and  spinal  cord,  together  with 
the  cranial  and  spinal  nerves,  and  (2)  the  vegetative,  constituted  by 
two  chains  of  pre-vertebral  ganglia,  one  on  each  side  of  the  spine, 
together  with  other  ganglia,  situated  peripherally.  These  two  systems, 
the  cerebro-spinal  and  vegetative,  intercommunicate. 

For  teaching  purposes  it  is  convenient  to  regard  the  nervous 
system  as  built  up  of  nerve-cells,  and  their  processes  the  nerve-fibres. 
Both  are  excitable.  But  whereas  the  nerve-cell  or  centron  has  been 
commonly  assumed  to  originate  impulses  as  does  the  cell  of  an  electric 
battery,  the  nerve-fibres  (axons  and  dendrons)  serving  merely  as 
conductors,  it  is  unusual  for  an  impulse  to  arise  within  a  nerve-cell, 
except  as  the  result  of  a  transmitted  impulse.-^  Each  nerve-fibre  is 
made  up  of  a  bundle  of  extremely  fine  neuro-fibrillae  which  traverse  the 
nerve-cell,  entering  it  through  one  process  and  leaving  it  through 
another.  In  this  way  the  nerve-cell  acts  as  a  convenient  shunt  for 
impulses,  receiving  them  from  one  quarter  and  transmitting  them  to 
another.  The  nerve-cell  also  exerts  a  trophic  influence  over  the  nerve- 
fibre  and  is  intimately  concerned  with  its  nutrition,  so  that  the  nerve- 
fibre  degenerates  if  separated  from  its  trophic  nerve-cell.  Nerve- 
impulses  usually  pass  through  a  nerve-fibre  and  nerve-cell  in  one 
direction  only,  each  neuron  having  one  end  which  is  receptive  in 
function  and  the  other  end  through  which  it  discharges  its  impulse. 

1  The  cardiac  and  respiratory  nuclei  in  the  medulla  are  exceptions  to  this  rule. 
These  automatic  centres  can  be  stimulated,  not  only  by  transmitted  nerve-impulses, 
but  also  by  chemical  changes  in  the  blood,  e.g.  by  deficiency  of  oxygen  and  excess 
of  CO2  or  of  lactic  acid. 
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2  NERVOUS  DISEASES 

In  a  reflex  motor  act,  which  is  the  simplest  manifestation  of  ner- 
vous energy,  as  for  example  in  the  plantar  reflex,  the  impulse  or 
stimulus  starts  from  a  sensory  receptor  or  end-organ,  in  this  instance 
the  skin  of  the  sole.  The  impulse  is  transmitted  inwards  by  a  con- 
ductor, the  afferent  or  sensory  nerve-fibre,  through  the  corresponding 
posterior  nerve-root  into  the  spinal  cord.  Here  it  traverses  an  inter- 
communicating nerve-fibre  and  cell  in  the  grey  matter  of  the  cord  and 
reaches  an  adjustor  or  correlation  centre  in  the  anterior  comual  cell. 
From  this  motor  cell  an  efferent  impulse  starts,  travels  outwards  along 
a  second  or  efferent  conductor  traversing,  first,  an  anterior  nerve-root 
and  then  a  peripheral  nerve,  finally  reaching  the  effector  apparatus, 
which  in  this  instance  is  the  flexor  muscle  of  the  toes  innervated  by 
the  same  segment  of  the  spinal  cord.  The  toe-flexors  promptly 
give  a  single  contraction. 

The  accompanying  diagram  (Fig.  1)  will  serve  to  recall  the  chief 
components  of  a  simple  spinal  reflex,  such  as  we  have  just  described. 

Some  reflexes  occur  unconsciously,  as  for  example  the  reflex  con- 
traction of  the  pupil  when  the  retina  is  stimulated  by  light,  or  again, 
the  normal  movements  of  the  stomach  and  intestines.  But  in  other 
cases  the  afferent  impulse,  besides  exciting  a  reflex  motor  action, 
sends  part  of  its  impulse  upwards  to  the  higher  centres  of  the  opposite 
cerebral  hemisphere,  either  to  the  thalamus,  where  it  arouses  a  general 
sensation  of  awareness,  or  of  heat  or  cold  with  their  associated  feeling- 
tone  of  comfort  or  discomfort;  or  the  impulse  may  pass  farther  on, 
to  the  sensory  cortex,  where  it  produces  a  conscious  sensation.  This 
is  accomplished  by  means  of  a  sensory  fibre  passing  upwards  in  the 
substance  of  the  spinal  cord  (as  indicated  in  the  other  diagram — Fig.  2), 
through  relays  of  nerve-ceUs  and  fibres  in  the  medulla,  pons,  thalamus, 
and  so  on,  to  the  perceiving  centre  in  the  cortex. 

Moreover,  a  discharge  of  motor  energy  from  the  motor  cell  in  the 
anterior  comu  can  be  produced  not  only  reflexly,  from  below,  but 
also  from  above  in  one  of  two  ways.  Firstly,  a  voluntary,  isolated 
synergic  movement  may  be  achieved  by  an  impulse  arising  in  the 
cortical  motor  centre  of  the  opposite  side  and  descending  through  the 
crossed  pyramidal  tract  down  the  cord  to  the  anterior  comual  cell 
(see  Fig.  2).  Secondly,  a  motor  impulse  of  a  more  primitive  nature 
can  be  initiated  by  the  corpus  striatum,  independently  of  the  cerebral 
cortex.  Such  an  impulse  is  transmitted  downwards  along  extra- 
pyramidal paths,  to  the  anterior  comual  cells,  giving  rise  to  an  auto- 
matic or  associated  movement  of  a  group  of  muscles.  The  activity 
of  such  lower  mechanisms  is  normally  controlled  and  regulated  by  the 
higher  cortical  centres. 

Confining  ourselves  now  to  the  consideration  of  a  cerebro-spinal 


Pig.  1. — ^Diagram  of  a  simple  spinal  reflex. 
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Fig.  2. — ^Diagram  of  a  voluntary  motor  act. 
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reflex  motor  action,  we  must  bear  in  mind  that  afferent  impulses, 
on  reaching  the  cortical  sensory  centres,  do  not  necessarily  produce 
a  descending  impulse  along  the  motor  tract.  If  they  do,  this  is  simply 
an  automatic  action,  a  reflex  of  longer  path.  There  exist  in  the  cortex 
perceiving  centres  which  take  cognisance  of  the  source  and  nature 
of  the  stimulus,  and,  by  an  act  of  discrimination,  determine  whether 
or  no  any  active  notice  shall  be  taken  of  it,  that  is  to  say,  whether  a 
voluntary  (and  not  merely  an  automatic  or  strio-spino-muscular) 
movement  shall  or  shall  not  take  place. 

Some  reflexes,  even  though  associated  with  conscious  sensory 
impressions  (for  example,  the  vomiting  reflex  or  the  sexual  reflex), 
cannot  be  inhibited.  This  is  possibly  owing  to  the  absence  of  anta- 
gonistic muscles  which  could  prevent  the  reflex.  But  other  reflexes 
can  be  inhibited  by  contracting  the  opposing  muscles  and  thereby 
fixing  the  part  which  would  otherwise  make  a  reflex  movement. 
Or  by  a  process  of  training,  a  stimulus  which  originally  induced  one 
particular  reflex  may  be  made  to  associate  itself  with  an  entirely 
different  response.     (See  "  Conditional  Reflexes,"  p.  333.) 

Finally,  by  education,  a  motor  impulse  can  be  initiated  at  the 
cortical  motor  centre,  without  any  preceding  afferent  impulee  from 
the  part  to  be  moved.  All  movements  in  a  new-born  infant  are 
either  reflex  or  automatic;  they  are  pre-ordained  and  admit  of  no 
choice.  Only  gradually  does  the  child  learn  to  use  his  cerebral  cortex, 
to  call  in  antagonistic  muscles,  and,  by  an  effort  of  the  will,  to  inhibit 
reflex  and  automatic  acts,  to  initiate  voluntary  ones,  and  thereby 
consciously  to  adapt  himself  to  his  environment. 

Certain  more  complicated  reflexes,  such  as  the  reflex  movements 
of  respiration,  have  their  centres  in  the  medulla;  others,  such  as  the 
reflex  movements  of  the  heart  and  blood-vessels,  have  their  lower 
reflex  centres  in  the  sympathetic  ganglia,  but  can  also  be  influenced 
by  the  cerebro-spinal  nervous  system.  Others  again,  such  as  the 
movements  of  the  heart,  stomach,  and  intestine,  can  be  performed 
independently  of  the  central  nervous  system. 

Cranio-cerebral  Topography. — Figs.  3  and  4  are  diagrams  of  the 
cerebral  cortex,  on  its  convex  and  its  mesial  aspects.  It  is  unnecessary 
here  to  enumerate  in  detail  the  various  fissures  and  sulci,  or  the  different 
lobes  and  convolutions. 

It  is  important  to  be  able  to  identify,  on  the  surface  of  the  cranium, 
the  positions  of  the  Sylvian  and  Rolandic  fissures. 

The  Sylvian  fissure  corresponds  to  the  posterior  part  of  a  line  drawn 
from  the  fronto-malar  junction  to  the  lower  part  of  the  parietal 
eminence.  On  this  line  the ' '  Sylvian  point,"  from  which  the  ascending 
and  anterior  limbs  of  the  fissure  radiate,  is  identified  by  drawing  a 
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line  from  the  fronto-malar  suture  horizontally  backwards,  parallel 
to  the  upper  border  of  the  zygomatic  arch,  for  35  mm.,  and  from  the  end 
of  this  a  vertical  line  for  12  mm.  upwards. 

The  central  or  Rolandic  fissure  starts  at  the  middle  line  above, 
from  a  point  1  cm.  (or  half  an  inch)  behind  the  mid-point  between  the 
nasion  (centre  of  naso-frontal  suture)  and  the  external  occipital  pro- 
tuberance (or  inion).  It  runs  downwards  and  forwards,  along  the 
convey  surface  of  the  brain,  in  the  direction  of  the  anterior  part  of 
the  long  posterior  limb  of  the  Sylvian  fissure,  making  en  angle  of  about 
67^  degrees,  i.e.  three-quarters  of  a  right  angle,  with  the  middle  line. 
It  is  not  a  straight  line  but  forms  a  sinuous  curve,  due  to  the  presence 
of  two  buttresses  (mesial  and  lateral)  on  its  anterior  wall,  producing  two 
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Via.  5. — Diagram  of  cellular  structure  of  pre-  and  post-central  convolutions 
,     (aft^r  Vogt). 

anterior  concavities.^    The  mesial  buttress  is  a  leg-trunk  buttress,  the 
lateral  buttress  is  an  arm  buttress  (see  Fig.  3). 

These  two  figures  also  show  diagrammatically  our  present  views 
on  cerebral  localisation.  It  should  be  particularly  observed  that  the 
motor  areas  in  the  pre-central  convolution  extend  back  as  far  as  the 
Rolandic  fissure  but  not  behind  it.  Not  only  by  experimental  stimu- 
lation in  anthropoid  apes,^  and  in  certain  cases  in  man,  but  also  by 
histological  observation,^  it  has  been  shown  that  the  posterior  or  sen- 
sory wall  of  the  Rolandic  fissure  differs  in  function  and  structure  from 

»  Symington  and  Crymble,  Jourv.  of  Anal,  and  Physiol.,  vol.  xlvii.,  1913,  p.  321 . 
2  Sherrington  and  Criinbauni,  Trans.  Path.  Soc.  Lond.,  1S02,  vol.  liii.,  p.  127. 
■■'  Campbell,  A.  W..  Ilititdcqiral Studies  on  (he  Lualifaiion  of  Cufira} Fiuiicv,  IJCT). 
Brodmann.  K.,  Jourv.  J.  Psyrhdcgie  iind  Ntnrclcgie,  Bd.  ii.,  p.  80. 
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the  anterior  or  motor  wall.  The  anterior  wall  possesses  giant  pyra- 
midal cells  (giving  origin  to  the  motor  fibres  of  the  pyramidal  tract), 
and  has  no  granular  layer,  whilst  the  posterior  waU  has  a  distinct 
granular  layer,  with  no  giant  cells  (see  Fig.  5). 

Another  point  to  remember  is  that  the  several  so-called  motor 
areas  are  not  sharply  marked  off  from  one  another  like  a  mosaic, 
but  overlap;  each  area  in  Figs.  3  and  4  signifying  that  stimulation 
of  that  point  produces  the  maximum  movement  of  the  particular 
part  mentioned.  Moreover,  there  are  minor  variations  in  the  extent 
of  the  various  centres  in  different  individuals. 

The  chief  path  by  which  motor  impulses  are  conducted  from  the 
cortical  motor  areas  to  the  muscles  is  the  pyramidal  tract,  whose 
course  is  diagrammatically  indicated  in  Fig.  6.  From  the  motor  cells 
in  the  cortex  the  pyramidal  motor  fibres  converge  through  the  corona 
radiata  into  the  great  strand  of  nerve-fibres  between  the  lenticular 
nucleus  externally  and  the  optic  thalamus  and  caudate  nucleus  inter- 
nally, namely,  the  internal  capsule.  Fig.  7  shows  a  horizontal  section 
through  the  internal  capsule,  in  which  we  notice  that  it  has  an  anterior 
and  a  posterior  limb,  joining  each  other  at  an  obtuse  angle,  the  genu 
or  knee.  The  motor  fibres  for  the  leg  and  arm  occupy  the  anterior 
two-thirds  of  the  posterior  limb,  the  fibres  for  the  tongue  and  mouth 
are  at  the  genu,  those  for  the  face  j  ust  in  front.  But  the  order  in  which 
these  different  strands  pass  through  the  internal  capsule  is  not  quite 
the  same  as  that  in  which  they  started  from  the  cortex.  Thus  we  notice 
that  immediately  behind  the  fibres  for  the  lips  we  have,  from  before 
backwards,  those  for  the  shoulder,  elbow,  and  fingers  (not  fingers,  elbow, 
shoulder),  then  for  the  trunk,  and  lastly  for  the  hip,  knee,  and  toes. 

We  also  notice,  in  passing,  that  the  ascending  pathway  (thalamo- 
cortical) of  the  sensory  fibres  traverses  the  posterior  part  of  the  capsule, 
and  that  behind  them  again  are  the  visual  fibres.  The  sensory  fibres 
probably  do  not  form  a  separate,  compact  bundle,  but  aie  partially 
mingled  with  some  of  the  motor  fibres  for  the  leg. 

Before  leaving  Figs.  6  and  7,  it  is  of  interest  to  study  briefly,  with 
their  help,  the  different  effects  produced  by  lesions  of  the  pyramidal 
motor  tract  at  various  levels. 

A  lesion  in  or  near  the  motor  cortex^  if  of  moderate  size,  will  produce, 
according  to  its  situation,  a  monoplegia  of  the  face,  arm,  or  leg,  on 
the  opposite  side  of  the  body.  A  somewhat  larger  lesion  will  produce  a 
brachio-facial  or  a  brachio-crural  monoplegia.  From  the  proximity 
to  the*  middle  line  of  the  cortical  centres  for  the  leg,  a  mesial,  or 
bilaterally  symmetrical,  lesion  may  implicate  the  leg  centres  of  both 
sides,  producing  a  diplegia,  mainly  affecting  the  legs.  (We  observe 
that  facio-crural  monoplegia  without  implication  of  the  arm  is  impos- 
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sible  from  a  single  lesion.)  For  the  production  of  a  complete  hemi- 
plegia of  face,  arm,  and  leg  a  cortical  lesion  must  be  very  extensive. 
But  in  the  internal  capsule  all  these  strands  are  closely  crowded 
together,  so  that  a  moderate-sized  capsular  lesion  can  produce  a 
complete  hemiplegia,  whereas  a  capsular  lesion  small  enough  to  cause 
a  mere  monoplegia  is  well-nigh  impossible. 

If  the  capsular  lesion  be  in  the  region  of  the  genu  we  have  hemi- 
plegia of  face,  arm,  and  leg.     And  moreover,  from  paralysis  of  the 
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Fig.  7.— Horizontal  section  through  right  cerebral  hemisphere,  showing  position  of 
the  various  strands  in  the  internal  capsule.     (Modified  from  Beevor  and  Horsley.) 

muscles  which  rotate  the  head  and  eyes  to  the  opposite  side,  the  patient 
has  "conjugate  deviation"  of  the  head  and  eyes  towards  the  side 
of  the  lesion,  owing  to  unopposed  action  of  the  muscles  supplied  by 
the  intact  hemisphere. 

If,  on  the  other  hand,  the  capsular  lesion  be  farther  back  along 
the  posterior  limb  of  the  capsule,  the  hemiplegia  will  aflect  the  leg 
much  more  than  the  arm,  and  the  face  only  slightly;  whilst,  owing 
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to  interference  with  the  sensory  tract,  which  lies  between  the  motor 
and  the  visual  fibres,  there  will  now  be  hemiansesthesia  also. 

Lastly,  if  the  lesion  be  at  the  extreme  posterior  end  of  the  capsule, 
there  will  be  not  only  hemiansesthesia  but  also  hemianopia  from 
interruption  of  the  visual  fibres.  Here  again  we  note  that  it  is  im- 
possible for  a  single  capsular  lesion  to  produce  at  the  same  time  hemi- 
plegia and  hemianopia  without  also  producing  hemianaesthesia.  If  a 
patient  with  hemianopia  is  also  hemiplegic  but  without  hemianaes- 
thesia, we  should  diagnose  two  separate  lesions. 

Figs,  8  and  8a  are  from  such  a  case,  in  which  a  patient  with  left 
hemianopia  due  to  a  tumour  of  the  right  occipital  lobe  subsequently 
became  totally  hemiplegic  \^ith  only  a  faint  trace  of  hemiansesthesia. 


Fios.  8  AND  8a. — Case  of  tumour  at  posterior  pole  of  right  occipital  lobe,  in  which 
decompressive  trephining  had  been  performed.  A  large  hernia  cerebri  developed, 
and  subsequently  a  haemorrhage  occurred  anterior  to  the  tumour,  within  the 
substance  of  the  hernia. 

The  diagnosis  of  two  distinct  lesions  was  confirmed  at  the  autopsy: 
the  original  tumour  in  the  posterior  end  of  the  occipital  region  being 
separated  by  an  intervening  healthy  zone  from  a  large  hsemorrhage 
farther  forward  in  the  hemisphere. 

A  lesion  of  the  crus  cerebri  will  tend  to  implicate  the  third  cranial 
nerve  on  the  side  of  the  lesion,  producing  at  the  same  time  a  hemi- 
plegia of  face,  arm,  and  leg  on  the  opposite  side.  This  so-called 
"  Weber's  syndrome  "  is  one  variety  of  "  crossed  paralysis." 

A  unilateral  lesion  of  the  fons  at  the  level  of  exit  of  the  facial  nerve 
will  produce  another  "crossed  paralysis,"  viz.: — facial  palsy  on  the 
side  of  the  lesion  with  hemiplegia  of  the  arm  and  leg  of  the  opposite 
side.  And  if  at  the  same  time  the  nucleus  of  the  sixth  cranial  nerve 
be  implicated  (which  is  not  unusual,  since  the  facial  nerve  hooks  round 
the  sixth  nucleus  within  the  pons),  we  have  nuclear  palsy  of  the 


ANATOMY  AND  PHYSIOLOGY  9 

sixth  nerve,  facial  palsy  on.  the  same  side,  and  hemiplegia  of  the  arm 
and  leg  on  the  opposite  side: — the  "  Millard-Gubler  syndrome." 

Unilateral  lesions  of  the  pons  or  tnedulla  oblongata  helov)  the  level  of 
the  facial  nerve  leave  the  face  unaffected  and  produce  only  a  hemiplegia 
of  arm  and  leg.  And  a  unilateral  lesion  of  the  spinal  cord  below  the 
cervical  enlargement  will  produce  a  monoplegia  of  the  leg  on  the 
side  of  the  lesion  without  affection  of  the  arm.     It  will  also  produce 


Fig.  9. — Diagram  of  tracts  in  the  spinal  cord. 


1.  Crossed  pyramidal  tract  (descending) 

and  spino-ttialamic  tract  (ascending). 

2.  Direct  pyramidal  tract. 

3.  Postero-intremal  tract  (Goll). 

4.  Postcro-external  tract  (Burdach). 


5.  Direct  or  dorsal  cerebellar  tract, 
fl.  Ventral  cerebellar  tract  (Gowers). 

7.  Lissauer's  marginal  zone. 

8.  Lateral  ground-bundle. 

9.  Anterior  ground-bundle. 


some  anaesthesia  of  the  opposite  leg.  Such  motor  paralysis  of  one  leg 
and  sensory  paralysis  of  the  other  is  call  ed ' '  Brown-Sequard  paralysis,' ' 
to  which  we  shall  return  later. 

Fig.  9  is  a  diagram  representing  the  tracts  in  the  spinal  cord  of 
chief  clinical  interest.  There  are  also  other  ascending  and  descending 
tracts  of  minor  importance,  which  we  have  omitted  from  the  diagram 
for  the  sake  of  simplicity. 

The  pyramidal  tracts  are  by  far  the  most  important  descending 
tracts  in  the  cord,  for  they  convey  voluntary  motor  impulses  down- 
wards from  the  motor  cortex  towards  the  anterior  cornua.     The 
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pyramidal  fibre  does  not  actually  join  the  anterior  comu,  but  ends  in 
the  region  of  the  posterior  comu,  whence  a  short  intermediate  con- 
necting-cell and  fibre  run  forward,  linking  it  to  the  anterior  cornual 
cell  (see  Fig.  2).  Most  of  the  voluntary  motor  impulses  decussate 
at  the  lower  end  of  the  medulla  and  traverse  the  crossed  pyramidal 
tract  in  the  lateral  column;  a  few  run  in  the  direct  pyramidal  tract 
and  cross  over  later  within  the  cord  itself.  A  few  pyramidal  fibres 
also  run  down  in  the  ipso-lateral  pyramidal  tract  (which  we  might, 
somewhat  paradoxically,  call  the  uncrossed  crossed-pyramidal  tract). 
These  fibres  probably  do  not  cross  over,  but  supply  motor  impulses 
to  the  ipso-lateral  leg.  They  account  for  the  occurrence  in  hemi- 
plegia of  certain  phenomena  on  the  opposite,  "non-paralysed" 
side,  such  as  paresis,  increased  deep  reflexes,  and  sometimes  con- 
tractures in  the  "  healthy  "  lower  limb. 

The  corpus  striatnm,  made  up  of  two  great  basal  ganglia,  the  lenti- 
cular and  the  caudate  nucleus,  separated  by  sheets  of  white  matter 
(see  Fig.  7,  p.  7),  constitutes  an  important  infra-cortical  centre, 
whose  function  is  predominantly  motor  or  efferent,  just  as  the  function 
of  the  thalamus  is  predominantly  sensory  or  afferent.  The  corpus 
striatum  is  composed  of  two  cellular  systems,  which  differ  in  structure 
and  in  function : — 

1.  Large  ganglion-cells  of  the  pallidal  system.  These  are  situated 
mostly  in  the  globus  pallidus  of  the  lenticular  nucleus,  but  also  occur 
scattered  through  other  parts  of  the  corpus  striatum.  These  pallidal 
cells  with  long  axis-cylinders,  are  motor  in  function. 

2.  Small  ganglion-cells  of  the  neo-striate  system.  These  are  situa- 
ated  in  the  caudate  nucleus  and  in  the  putamen  of  the  lenticular  nucleus. 
They  give  origin  to  short  axis-cylinders,  terminating  in  the  globus 
pallidus.    Their  function  is  probably  inhibitory  and  co-ordinating. 

Destruction  of  the  large-celled  pallidal  system,  e.g.  by  primary 
degeneration,  produces  the  syndrome  of  paralysis  agitans  ^ — viz. 
muscular  rigidity,  with  tremor,  and  disturbance  of  automatic  move- 
ments (such  as  the  winking  reflex)  and  of  associated  movements 
(such  as  the  swing  of  the  arm  in  walking). 

Destruction  of  the  small-celled,  neo-striate,  or  inhibitory  system 
is  followed  by  choreic  or  athetoid  phenomena,  as  in  Huntington's 
chorea  (see  p.  85). 

The  globus  pallidus,  the  motor  nucleus  of  the  striate  body, 
is  a  short,  efferent,  projection-system  which  is  connected,  by  short 
strio-fugal  fibres,  with  various  important  motor  nuclei  in  the  sub- 
thalamic region,  e.g.  with  the  red  nucleus,  Deiters'  nucleus,  superior 
corpus  quadrigeininum,  etc.  These  subthalamic  centres,  in  turn,  send 
down  subcortico-spinal  motor  tracts  which  enter  the  spinal  cord  from 

*  Ramsay  Hunt,  Brain,  1917,  voU  xl.,  p.  58. 
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above,  and  constitute  the  strio-spinal  motor  system.  The  strio-spinal 
fibres  end  among  the  cells  of  the  anterior  horns,  and  provide  a  mechan- 
ism for  the  performance  of  certain  automatic  acts  which  may  still  be 
possible  when  voluntary  motor  power  is  absent,  as  in  pyramidal 
disease.  Of  the  subcortico-spinal  tracts  the  most  important  are  the 
following  (see  Fig.  10) : — 

1.  The  rubrospinal  or  pre-pyramidal  tract  (Monakow's  bundle)." 
— This  tract  arises  in  the  red  nucleus  of  the  crus  cerebri,  decussates 
almost  at  once  in  the  tegmentum,  and  descends  in  the  contra-lateral 
side  of  the  pons  and  medulla  to  the  lateral  column  of  the  spinal  cord, 
where  it  lies  ventral  to  the  crossed  pyramidal  tract. 

2.  The  tectospinal  tract  or  ventral  longitudinal  bundle. — This  arises 
in  the  roof  or  tectum  of  the  mid-brain  from  the  optic  and  acoustic 
reflex  centres  in  the  anterior  corpus  quadrigeminum,  crosses  over  in 
Meynert's  "  fountain  "  decussation  beneath  the  Sylvian  aqueduct,  and 
then  runs  down  the  contra-lateral  side  of  the  formatio  reticularis  to 
the  ventral  column  of  the  spinal  cord. 

3.  The  vestibulospinal  tract  or  dorsal  longitudinal  bundle. — This 
arises  from  the  accessory  vestibular  nucleus  of  Deiters  within  the  2)ons, 
and  passing  downwards  mainly  on  the  ipso-lateral  side  of  the  spinal 
cord  in  tlie  ventral  column,  ends  amongst  the  anterior  cOrnual  cells. 

In  the  adult  the  ventral  and  dorsal  longitudinal  bundles  are  indis- 
tinguishable from  each  other  in  sections  of  the  medulla  or  spinal  cord, 
but  they  myelinate  at  different  periods  of  development,  and  can  thus 
readily  be  differentiated  in  the  foetus. 

4.  The  pontospinal  tract. — This  is  derived  from  cells  of  the  formatio 
reticularis  of  the  pons.  Part  of  it  runs  down  the  ventral  column  of  the 
ipso-lateral  side,  whilst  part  decussates  in  the  raphe  of  the  medulla  and 
enters  the  opposite  lateral  column  of  the  spinal  cord. 

The  cells  of  the  pallidal  system  occupy  the  same  relation  to  the 
extra-pyramidal  motor  tracts  as  the  cells  of  the  motor  cortex  occupy 
with  regard  to  the  great  pyramidal  tracts.  The  globus  pallidus 
mechanism  controls  automatic  and  associated  movements,  whereas 
the  cells  of  the  motor  cortex  control  voluntary  isolated  and  synergic 
movements.  It  is  interesting  to  recall  the  fact  that  at  the  eighth  month 
of  foetal  life  the  pyramidal  tracts  in  the  spinal  cord  are  imperfectly 
developed  and  do  not  yet  contain  axis-cylinders.  Nevertheless, 
an  infant,  even  one  born  prematurely  at  the  seventh  month,  displays 
remarkable  powers  and  diversity  of  movement,  all  its  movements 
being  carried  out  by  means  of  this  strio-spinal  motor  system,  which 
develops  much  earlier  than  the  cortico-spinal. 

The  supremacy  of  the  cortico-spinal  system  is  further  evidenced  by 
the  fact  that  complete  paralysis  of  voluntary  movement  is  met  with 
in  lesions  of  this  path  alone;  whereas  in  extra-pyramidal  motor  diseases 
we  never  see  total  loss  of  power.  Voluntary  movements  in  strio-spinal 
lesions  may  be  impeded  by  tremor,  rigidity,  or  athetosis,  but  they  are 
not  lost.''^ 

»  Walshe,  Brain,  1919,  p.  5. 
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Both  of  these  systems  (pyramidal  or  cortico-spinal,  and  extra- 
pyramidal or  strio-spinal),  in  addition  to  the  function  of  motor  inner- 
vation, exercise  a  controlling  effect  upon  muscular  tonus,  so  that  a 
destructive  lesion  of  either  of  them  produces,  as  a  result,  paralysis  of  a 
special  type,  together  with  an  increase  of  muscular  tonus,  most  easily 
recognisable  in  the  limbs.  Thus  in  a  pure  pyramidal  lesion,  as  in 
ordinary  hemiplegia,  the  extra-pyramidal  tracts,  being  now  unopposed, 
])roduce  tonic  rigidity,  especially  of  the  extensor  muscles  of  the  lower 
limbs,  with  a  characteristic  posture.  On  the  other  hand,  a  pure  pallidal 
lesion,  as  in  progressive  lenticular  degeneration  and  in  certain  types  of 
paralysis  agitans,  produces  rigidity  of  the  voluntary  muscles,  from 
unopposed  pyramidal  innervation,  but  without  the  alterations  in 
reflexes  which  are  so  characteristic  of  ordinary  pyramidal  disease. 
Phylogenetically,  the  strio-spinal  system  is  an  older  and  more  primitive 
mechanism  than  the  cortico-spinal  system.  So,  also,  the  automatic 
and  associated  movements  controlled  by  the  corpus  striatum  are 
j)hylogenetically  older  than  the  isolated  synergic  movements  of 
cortical  origin. 

Sensory  Paths. — Accoi-ding  to  Head,  Rivers,  and  Sherren,^  the 
various  afferent  impulses  from  the  periphery,  on  their  way  towards 
the  spinal  cord,  do  not  run  indiscriminately  along  the  afferent  nerves 
but  are  conducted  along  several  distinct  classes  of  nerve  fibres.  Accord- 
ing to  these  observers,  common  sensation  is  a  complex  affair,  based  on 
three  kinds  of  sensibility: — 

1.  Deep  sensibility,  a  variety  which  takes  cognisance  of  deep 
pressure,  and  which,  if  that  pressure  be  excessive,  is  capable  of  pro- 
ducing a  sensation  of  pain — "  pressure-pain."  Deep  sensibility  also 
includes  sensations  from  muscles  and  tendons,  from  joints,  and  the 
vibration-sense  (see  later,  pp.  189-190).  The  sensory  fibres  conducting 
deep  sensibility  run  along  with  the  motor  nerves  of  the  muscles  and 
tendons.  So  long  as  these  deep  pressure-sense  fibres  are  intact,  even 
though  the  skin  be  totally  analgesic,  the  patient  is  able  to  appreciate 
the  pressure-touch  and  pressure-pain  of  a  blunt  pencil,  the  vibration 
of  a  tuning-fork,  and  the  position  of  his  joints  on  passive  movement. 
The  fibres  for  deep  sensibility  are  not  destroyed  by  division  of  all  the 
sensory  nerves  to  the  skin. 

2.  Prof  opal  flic  cutaneous  sensibility,  a  variety  which  responds  to 
all  |)ainful  cutaneous  stimuli  (pricking,  ])inching,  faradic  stimulation), 
also  to  extremes  of  cold  and  heat,  like  freezing  and  burning  (tempera- 
tures of  45°  ('.  and  over,  and  of  10°  (\  and  under).  These  protopathic 
fibres  from  the  skin  are  the  first  to  regenerate  after  injury  to  a  cutaneous 
nerve,  so  that  the  protopathic  sensations  are  the  earliest  to  recover 
as   a   cutaneous   nerve   heals.     Ranson^  suggests  that  protopathic 

1  Brain,  1906,  pp.  99-115.  2  ji,i^^  1915^  yol.  xxxviii.,  p.  381. 
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cutaneous  sensations  are  conducted  by  the  non- myelinated  nerve- 
fibres,  whereas  the  myelinated  fibres  are  responsible  for  epicritic 
sensations.  It  is  significant  that,  exactly  at  the  time  when  proto- 
pathic  sensation  begins  to  recover,  after  a  nerve-injury,  innervation 
also  returns  to  the  sweat-glands  and  blood  vessels  of  the  affected  skin- 
area,  indicating  regeneration  of  the  vaso-motor  and  secretory  fibres, 
which  are  known  to  be  unmyelinated. 

3.  Epicritic  cutaneous  sensibility,  whose  fibres  are  the  slowest 
to  recover  after  injury.  This  group  includes  the  appreciation  of  light 
touches,  of  cutaneous  localisation  (the  discrimination  of  two  points  of 
an  opened  compass  as  being  separate ),  the  recognition  of  finer  differences 
of  temperature — not  merely  between  hot  and  cold,  but  between  warm 
and  cool.  These  differences,  it  should  be  noted,  apply  only  to  the 
extra-spinal  portion  of  the  sensory  paths,  i.e.  to  the  peripheral  nerves. 

Epicritic  sensibility  is  normally  absent  over  the  glans  penis  which  is 
innervated  entirely  by  protopathic  fibres.  The  internal  organs  are 
also  supplied  from  the  protopathic  system;  they  possess  no  controlling 
epicritic  mechanism. 

All  the  sensory  impulses,  whether  conveying  sensations  of  touch, 
temperature,  or  pain  from  the  skin,  sensation  of  active  muscular 
contraction  from  the  muscles  (kinsesthetic  sense),  or  sensations  from  the 
joints  or  bones,  enter  the  spinal  cord  through  the  posterior  roots,  as 
indicated  in  Fig.  11. 

Once  the  afferent  impulses  enter  the  spinal  cord,  it  is  no  longer  a 
question  of  deep,  epicritic,  or  protopathic  sensation;  they  now  become 
redistributed  in  simpler  fashion.  Thus  all  sensations  of  temperature 
run  together  in  one  tract,  whether  they  reached  the  cord  by  the  pro- 
topathic or  the  epicritic  route:  similarly  all  sensations  of  pain  run 
together  in  the  cord,  whether  they  were  protopathic,  or  "  deep"  in 
the  peripheral  nerves,  and  so  on.  This  is  indicated  in  the  following 
scheme: — 


Paths  is  Spinal  Cork.  Paths  is  Peripheral  Xera-ks. 

Deep  .    .      o  Pressnre. 
1  ™    ».,              13  / /3  Light  Toucnes 
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Of  these  various  impulses,  the  fibres  conveying  sensations  from  the 
muscles  and  joints,  together  with  the  smaller  part  of  the  fibres  for 
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tactile  sensation,  ascend  in  the  posterior  column  to  the  gracile  and 
cuneate  nuclei  of  the  same  side  of  the  medulla. 

Most  of  the  fibres  for  tactile  sense,  together  with  all  fibres  for  tem- 
perature and  pain,  cross  in  the  anterior  commissure  to  the  opposite 
side  (these  crossed  fibres  not  coming  directly  from  the  posterior  root, 
but  through  the  relay  of  another  cell  in  the  posterior  horn)  and  ascend 
the  cord  in  the  opposite  lateral  column,  in  the  sfino-tlialamic  tract. 
Thus  the  lateral  column  conducts  not  only  pyramidal  motor  impulses 
coming  down,  but  also  spino-thalamic  ascending  impulses  of  touch, 
temperature,  and  pain. 

The  upward  course  of  the  various  sensory  fibres  through  the  medulla 
and  pons  is  somewhat  complicated,  and  not  yet  entirely  settled, 
but  the  most  probable  arrangement  is  shown  in  Fig.  12. 

Most  of  the  fibres  for  touch  cross  the  middle  line  in  the  spinal  cord, 
as  already  explained,  and  then  pass  directly  upwards  in  the  spino- 
thalan^ic  tract  of  the  lateral  column  and  into  that  part  of  the  medulla 
called  the  formatio  reticularis.  The  formatio  reticularis  leads  the 
fibres  up  through  the  pons  and  crus  to  the  ventro-lateral  region  of  the 
optic  thalamus.  Thence  they  pass  through  the  posterior  limb  of  the 
internal  capsule  to  the  sensory  cortex  behind  the  fissure  of  Rolando. 

As  the  sensory  tract  traverses  the  pons  it  passes  along  the  inner  side 
of  the  sensory  spinal  root  of  the  trigeminal  nerve  of  the  same  side. 
Thus  a  uniUUeral  lesion  of  the  formatio  reticularis  just  below  the  exit 
of  the  fifth  or  trigeminal  nerve  will  produce  a  "  crossed  anaesthesia," 
i.e.  anaesthesia  of  the  face  on  the  side  of  the  lesion,  and  of  the  arm,  leg, 
and  trunk  of  the  opposite  side.  But  higher  up  the  pons  the  sensory 
fibres  from  the  face  also  cross  the  middle  line,  so  that  a  lesion  of  the 
formatio  reticularis  in  the  crus  cerebri  will  now  cause  complete  hemi- 
anaesthesia  of  face,  arm,  and  leg  (see  Fig.  13). 

The  fibres  for  temperature  and  pain,  entering  by  the  posterior  root, 
pass  into  the  grey  matter  of  the  posterior  cornu.  There  they  start 
afresh  and  cross  to  the  opposite  side  of  the  cord,  ascending  in  the  oppo- 
site lateral  column  near  the  crossed  tactile  fibres.  On  reaching  the 
medulla,  they  diverge  from  the  tactile  fibres  and  pass  to  the  outer 
side  of  the  olivary  body,  close  to  the  lateral  margin  of  the  medulla 
and  intermingled  with  the  fibres  of  Gowers'  tract.  They  then  leave 
the  region  of  Gowers'  tract  and  pass  upwards  through  the  pons,  gradu- 
ally inclining  towards  the  other  sensory  tracts  and  ultimately  ascending 
with  them  to  the  ventro-lateral  part  of  the  optic  thalamus  and  thence 
through  the  internal  capsule  to  the  cortex.  Gowers'  tract  (the  ventral 
cerebellar),  now  separate  from  the  temperature  and  pain  fibres  in  the 
upper  part  of  the  pons,  hooks  sharply  backwards  and  enters  the  cere- 
bellum from  above,  through  its  superior  peduncle. 
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Fig.  11. — Diagram  illustrating  the  course  of  the  various  sensory  paths  in 
the  spinal  cord. 
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Fia.  12. — ^Diagram  of  chief  sensory  tracts  in  spinal  cord,  medulla, 
pons,  and  cerebrum. 
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The  sensory  fibres  from  muscles  (kinsesthetic  sense  and  pressure- 
pain  sense)  and  from  hones,  together  with  the  uncrossed  minority  of 
tactile  fibres,  ascend  uncrossed  in  the  posterior  column  of  the  cord 
to  the  nucleus  gracilis  and  nucleus  cuneatus,  the  nucleus  gracilis  re- 
ceiving the  fibres  from  the  lower  limb,  the  nucleus  cuneatus  those  from 
the  upper  limb.    Some  impulses  pass  md  the  restiform  body  to  the 


VJTerye 


Fig.   13.^Course  of  sensory  fibres  in  the  pons  (Starr). 

A.  Lesion  causing  riglit  hemianEesthesia. 

B.  Lesion  causing  "  alternate  hemiansesthesia  "  of  left  face  and  right  side  of  body. 


cerebellum  and  although  not  destined  to  give  rise  to  conscious  sensa- 
tions, they  influence  co-ordination  and  muscular  tonus.^  The  remainder 
of  the  sensory  fibres  in  the  posterior  columns,  after  reaching  the  nucleus 
gracilis  and  nucleus  cuneatus,  pass  upwards,  and  cross  the  middle 

*  Muscular  tonus,  or  postural  contraction,  is  a  reflex  affair  dependent  upon  the 
integrity  of  a  reflex  arc,  whose  afferent  path  is  in  the  posterior  roots  and  posterior 
column  fibres,  whose  centre  is  in  the  cerebellum,  and  whose  efferent  path  is  in  the 
ve3tibulo-spinal  and  other  extra- pyramidal  tracts; 
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line  in  the  internal  arcuate  fibres,  forming  the  superior  sensory  de- 
cussation of  the  fillet  (contrast  this  with  the  spinal  decussation  of  the 
thermal,  pain,  and  the  majority  of  the  tactile  fibres).  The  sensory 
fibres  from  the  leg,  passing  through  the  nucleus  gracilis,  cross  lower 
down  than  those  from  the  arm,  which  go  through  the  nucleus  cuneatus. 
Having  crossed  to  the  opposite  side  and  reached  the  fillet,  a  flattened 
strand  of  fibres,  they  pass  upwards  in  that  tract  not  far  from  the  thermal 
and  pain  fibres. 

The  main  mass  of  the  tactile  fibres  ascends  through  the  cru? 
cerebri  to  the  optic  thalamus. 

All  sensory  impulses  which  reach  the  thalamus  are  there  grouped 
afresh  and  redistributed  in  two  directions.  Some  impulses  ascend 
higher,  to  the  cortex  cerebri;  others  terminate  in  the  grey  matter  ol 
the  thalamus  itself,  which  thus  forms  an  important  subcortical  sen- 
sory centre,  subserving  certain  primitive,  non-discriminative  elements 
of  sensation,  especially  the  feeling-tones  of  pleasure  and  fain  and  of 
certain  visceral  sensations. 

From  the  thalamus  the  sensory  path  ascends  to  the  sensory  cortex. 
This  comprises  the  pre-  and  post-central  gyri,  the  anterior  part  of  the 
superior  parietal  lobule,  the  supra- marginal  and  the  angular  gyrus. 
(See  Fig.  3,  p.  4.)  The  anterior  part  of  the  sensory  cortex  thus  over- 
laps the  motor  areas. 

All  the  afferent  impulses  to  the  sensory  cortex  (with  the  exception 
of  those  from  the  olfactory  organs)  reach  it  through  the  thalamus, 
which  constitutes  a  sort  of  vestibule  to  the  sensory  cortical  centres. 

In  the  cortex,  according  to  Head's  masterly  researches,^  sensory 
impressions  are  no  longer  associated  with  crude  sensations  such  as 
touch,  pain,  heat,  and  cold;  but  at  this  level  sensation  becomes  en- 
dowed with  three  discriminative  faculties,  viz. : 

1.  The  recognition  of  s])a(ial  relations.  This  comprises  the  re- 
cognition of  three-dimensional  space  (appreciation  of  passive  move- 
ments of  the  affected  part),  of  two-dimensional  space  (compass-test, 
whereby  the  individual  recognises  two  blunt  points  as  being  separate 
at  a  definite  distance  apart),  and  of  uni- dimensional  space  (topognosis 
or  spot-finding). 

2.  The  recognition  of  differences  in  intensity  between  different 
stimuli,  e.(j.  the  difference  between  a  warm  object  and  a  warmer, 
or  between  a  cold  object  and  one  which  is  merely  cool. 

3.  The  appreciation  of  similarity  and  difference  in  external  objects 
brought  into  contact  with  the  surface  of  the  body,  including  differences 
of  size,  weight,  form,  and  texture.  This  includes  stereognosis,  whereby 
the  patient  recognises  the  shape  and  nature  of  common  objects  placed 

1  Head,  "Sensation  and  the  Cerebral  Cortex,"  Brain,  xli.,  1918,  p.  5". 


Fio.  14. — Diagram  illustrating  the  sjrmptoins  resulting  from  a  left-sided  hemi- 
section  of  the  spinal  cord  (Brown-S^qnard  syndrome). 
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in  the  contra-lateral  hand,  without  looking  at  them  {e.g.  a  coin,  cork- 
screw, button-hook,  or  knife).  DifEerences  of  weight  are  tested  by 
the  comparison  of  a  penny  with  a  half-crown,  or  a  shilling  with  a 
sovereign;  differences  of  texture  by  comparing  the  feel  of  silk,  cotton, 
canvas,  velvet,  etc.  So  far  as  lesions  of  the  cortex  are  concerned, 
these  particular  aspects  of  sensory  discrimination — size,  shape,  weight, 
and  texture,  tend  to  be  disturbed  all  together. 

These  three  great  discriminative  faculties  of  the  sensory  cortex 
are  not  disturbed  uniformly  in  lesions  of  the  surface  of  the  brain. 
Thus,  whilst  some  loss  of  spatial  recognition  may  be  produced  by  a 
lesion  anywhere  within  the  sensory  cortical  area,  the  farther  forward 
the  lesion  lies  within  the  sensory  cortex,  the  grosser  and  more  ex- 
tensive is  the  disability  shown  by  spatial  tests. 

The  cortical  recognition  of  differences  in  intensity  of  stimuli, 
although  distributed  diffusely  throughout  the  whole  sensory  cortex, 
is  maximally  represented  in  the  posterior  and  inferior  portions  of  the 
sensory  area,  i.e.  the  foot  of  the  pre-  and  post-central  gyri,  the  angular 
and  supra-marginal  gyri  and  the  superior  parietal  lobule. 

The  post-central  gyrus  is  specially  associated  with  the  power  of 
recognising  similarity  and  difference  in  the  weights  and  shapes  of  test- 
objects  placed  in  the  contra-lateral  hand.-^ 

We  have  still  to  consider  another  tract,  which  conducts  sensory 
fibres  for  the  sense  of  equilibrium,  derived  mainly  by  kinsesthetic  im- 
pulses from  the  muscles.  This  tract  does  not  commence  in  the  pos- 
terior root-ganglion  but  arises  as  an  "  endogenous  "  tract  within  the 
cord.  Arising  from  the  cells  of  Clarke's  column  at  the  base  of  the  pos- 
terior horn,  it  constitutes  the  direct  (or  dorsal)  cerebellar  tract  and 
ascends,  uncrossed,  into  the  restiform  body  and  cerebellum,  terminating 
among  the  Purkinje  cells  of  the  cerebellar  cortex. 

Before  leaving  the  motor  and  sensory  tracts  within  the  central 
nervous  system  it  will  be  useful  to  mention  the  symptoms  produced 
by  a  lesion  of  one  lateral  half  of  the  spinal  cord.  Such  a  lesion  is 
most  commonly  the  result  of  a  stab  in  the  back;  less  commonly  it  is 
produced  by  bullet-wounds,  fractured  spine,  caries,  or  by  chronic 
diseases  of  the  spinal  cord  itself.  The  syndrome  which  results  is 
known  as  Brown-Sequard  paralysis,  and  it  will  be  readily  understood 
by  reference  to  Figs.  1 1  and  14.     The  symptoms  are  as  follows : — 

(1)  0)1  the  side  of  the  lesion  we  have,  from  interruption  of  the 
motor  tract,  motor  paralysis  of  the  corresponding  leg,  with  an  ex- 
tensor plantar  reflex  from  the  outset  and,  later  on,  exaggeration 

1  FaracUc  stimulation  of  the  post-Rolandic  cortex  in  the  human  subject  produces 
sensory  plienomena  whicli  are  referred  to  the  contra-lateral  limb,  or  other  part  of  the 
body,  corresponding  to  the  particular  coitic.l  centre. 
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of  the  deep  reflexes.  There  is  a  slight  and  transient  elevation  of 
temperature,  owing  to  the  interruption  of  vasomotor  fibres  which 
descend  in  the  lateral  column.  There  is  loss  of  sense  of  position  on 
passive  movement  of  the  limb,  loss  of  power  of  estimating  weights,  and 
loss  of  "  vibration  sense"  (tested  by  a  tuning-fork)  in  the  bones  of 
the  paralysed  leg,  due  to  interruption  of  the  uncrossed  fibres  from  the 
posterior  roots  below  the  lesion,  which  ascend  in  the  posterior  column. 
The  skin  of  the  paralysed  leg  is  not  anaesthetic,  but,  just  at  the  level 
of  the  lesion,  there  is  around  the  trunk  a  narrow  zone  of  total  anaes- 
thesia (to  touch,  temperature,  and  pain)  from  lesion  of  the  fibres  of  the 
posterior  root  or  roots  at  the  level  of  the  injury.  Finally,  in  cases  with 
an  abrupt  onset,  there  is  a  narrow  zone  of  hypereesthesia  above  the 
anaesthetic  zone,  perhaps  due  to  local  irritation  of  the  lowest  unsevered 
posterior-root  fibres  in  the  cord,  close  above  the  lesion;  but  this  ex- 
planation is  in  dispute. 

(2)  On  the  side  opposite  to  tlie  lesion  there  is  no  motor  i)aralysis. 
But  there  is  loss  of  cutaneous  sensation  to  temperature  and  pain 
(completely),  and  to  touch  (partially),  in  the  non-paralysed  lower 
limb  and  in  the  corresponding  half  of  the  trunk  up  to  the  level  of  the 
lesion.  There  is  a  zone  of  hyperaesthesia  above  the  anaesthetic  area, 
as  on  the  side  of  the  injury.  Motor  power  is  unimpaired,  so  also  is  the 
sensation  of  position  on  active  or  passive  movement  of  the  limb. 

Cerebellum. — 

The  cerebellum  consists  of  two  lateral  lobes  or  hemispheres  joined 
together  by  a  median  lobe  or  vermis.  Between  the  two  hemispheres, 
on  the  ventral  aspect,  is  a  deep  median  fossa  or  vallecula,  whose  floor 
is  formed  by  the  projection  of  the  inferior  vermis.  In  the  posterior 
part  of  this  fossa  lies  the  medulla,  in  front  of  which  are  the  pons  and 
crura  cerebri  running  forward  through  the  anterior  cerebellar  notch. 
The  upper  surface  of  the  middle  lobe  (superior  vermis)  passes  into  the 
lateral  lobe  without  any  distinct  line  of  demarcation,  whereas  its  under 
surface  (inferior  vermis)  forms  a  mesial  projection  in  the  vallecula, 
sharply  marked  off  from  the  hemispheres  by  deep  antero-posterior 
groves,  one  on  each  side.  The  cortex  of  vermis  and  lateral  lobes  is 
deeply  folded  into  fine  leaves  or  laminae,  separated  by  closely-set 
fissures  running  sinuously,  more  or  less  parallel  with  each  other,  some 
of  them  running  obliquely  between  the  others. 

The  vermis,  at  an  early  stage  of  development,  is  divided  by  the 
primary  (or  preclival)  fissure  into  an  anterior  and  a  posterior  lobe.  In 
the  adult  condition  it  is  still  further  subdivided  into  finely  laminated 
lobules,  which  are  best  seen  on  sagittal  section  (see  Fig.  15).  In  front 
of  the  primary  fissure  we  have  three  lobules:  lingula,  lohulus  centralis, 
and  culmen,  from  before  backwards.  Behind  the  primary  fissure,  in  the 
posterior  lobe,  matters  are  much  more  complex,  and  there  are  six 
lobules:  clivus,  Jolium  vermis,  tuber  vermis,  pyramis,  uvula,  and  nodulus. 
These  form,  as  it  were,  branches  of  a  tree  {arbor  vita)  whose  trunk  is 
planted  on  the  roof  of  the  fourth  ventricle,  with  its  most  anterior  branch, 
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the  lingula,  on  the  anterior  medullary  velum  in  front,  and  its  most 
posterior  branch,  the  nodulus,  on  the  posterior  medullary  velum  behind. 
The  cerebellar  hemispheres,  like  the  vermis,  are  divided  by  the 
primary  fissure  into  anterior  and  posterior  lobes,  and  for  each  lobule 
of  the  vermis  there  is  a  corresponding  lobule  of  the  hemisphere  with 
which  it  is  continuous.  Thus  in  the  anterior  lohe.  on  each  side  from 
before  backwards,  there  is  the  Jrcenulum  lingucp,  the  ala  lobuli  centralis, 
and  the  lohulus  lunatus  anterior,  seen  on  the  upper  and  anterior  sur- 
faces (Figs.  16  and  17),  whilst  the  more  complex  posterior  lobe  has  the 
lohulus  lunatus  posterior,  the  lohulus  semilunaris  superior,  followed,  on 
the  posterior  and  postero-inferior  aspects,  by  the  lohulus  semilunaris 
in/erior,  lohulus  gracilis,  lohulus  hiventer,  and  the  tonsil  (Fig.  18). 
Laterally  situated  from  the.  lobulus  biventer  and  tonsil,  and  lying  in  a 
deep  sulcus  immediately  behind  the  middle  peduncle  on  each  side,  is  a 
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Fig.  19. — Horizontal  section  through  cerebellum. 

sniill  irregular  lobule,  the  flocculus.     The  various   fissures  of  the  cere- 
bellum are  indicated  on  Figs.  15  to  18. 

Within  the  white  matter,  at  a  distance  from  the  cortex  and  analogous 
in  some  respects  to  the  basal  ganglia  of  the  cerebrum,  there  are  several 
important  masses  of  grey  matter  from  which  various  efferent  tr  cts 
lead  to  other  parts  of  the  brain.  Of  these  the  chief  are  the  corpora 
dentata,  two  hollow  crimipled  sacs,  one  within  each  lateral  lobe;  the 
rooj  nuclei  within  the  middle  lobe,  so  called  because  they  lie  in  the  roof 
of  the  fourth  ventricle;  the  nuclei  (jlohosi  and  the  nuclei  emholijormes, 
bilaterally  situated,  between  the  roof  nucleus  and  the  dentate  nucleus 
(see  Fig.  19);  and  the  nuclei  oj  Deiters,  or  accessory  vestibular  nuclei, 
within  the  pons,  one  on  each  lateral  aspect.  Deiters'  nucleus  is  an 
important  reflex  centre.  It  receives  afferent  impulses,  some  from  the 
vestibular  nerve  and  the  cerebellar  cortex;  others  from  the  ocular 
nuclei  (third  and  sixth)  via  the  dorsal  longitudinal  bundle.  In  turn  it 
gives  off  efferent  fibres  to  the  anterior  cornual  cells  of  the  same  side  of 
the  cord,  through  the  vestibulo-spinal  tract  (see  later,  p.  40). 
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Each  lateral  lobe  is  attached  to  the  brain-stem  by  three  peduncles 
— superior,  middle,  and  inferior  (Fig.  20) — consisting  of  fibres  some  of 
which  run  towards  the  cerebellum  (cerebello-petal),  others  away  from 
it  (cerebello-fugal). 

The  oerebello-petal  fibres  terminate  around  the  large  Purkinje  cells 
of  the  cerebellar  cortex,  which  is  essentially  a  receiving  platform. 

In  the  inferior  peduncle,  or  restiform  body,  which  connects  the 
cerebellum  with  the  medulla  and  spinal  cord,  all  the  paths  are  cerebello- 
petal,  leading  to  the  cerebellar  cortex.  Amongst  them  the  most  im- 
portant is  the  dorsal  or  direct  cerebellar  tract,  conveying  impulses  of 
equilibrium  from  the  ipso-lateral  side  of  the  spinal  cord,  and  the  arcuate 
fibres,  from  the  posterior  column  nuclei  of  both  sides,  and  from  the 
inferior  olive  of  the  contra-lateral  side  (see  Fig.  20.) 

Another  important  cerebello-petal  path  from  the  spinal  cord  is  the 
ventral  cerebellar  tract  of  Gowers,  which  has  a  long  course  within  the 
medulla  and  pons,  traversing  them  from  below  upwards  and  ultimately 
hooking  downwards  again,  to  enter  the  cerebellum  from  above,  through 
the  sujjerior  peduncle. 

Cerebello-petal  fibres  from  the  frontal,  parietal,  and,  above  all,  the 
temporal  lobe  of  the  cerebrum,  run  downwards  through  the  superior 
peduncle  in  a  cortico-pontile  path  to  the  pontine  nuclei  (formatio  reticu- 
laris) on  the  ipso-lateral  side.  From  the  cells  of  the  pontine  formatio 
reticularis  new  cerebello-petal  fibres  start  again,  constituting  the  middle 
peduncle,  or  transverse  fibres  of  the  pons,  crossing  the  middle  line  and 
ending  in  the  contra-lateral  cerebellar  cortex. 

Other  cerebello-petal  fibres  in  the  middle  peduncle  connect  Deiters* 
nucleus  (the  lateral  vestibular  nucleus)  with  the  vermis  and  the  corres- 
ponding side  of  the  cerebellar  cortex  in  the  region  of  the  flocculus, 
conveying  vestibular  impulses  to  the  cerebellum  from  the  semicircular 
canals  (see  Fig.  30). 

The  cerebello-fugal  fibres  are  derived,  not  from  the  cortex  but  from 
the  intra-cerebellar  nuclei,  especially  the  dentate  nuclei.  The  cerebello- 
fugal  fibres  of  the  superior  peduncle,  arising  from  the  corpus  dentatum 
(or  nucleus  lateralis)  run  upwards,  ventral  to  the  Sylvian  aqueduct  and 
corpora  quadrigemina,  crossing  the  middle  line  to  the  red  nucleus  in 
the  crus  cerebri  of  the  contra-lateral  side  (Fig.  20).  Starting  again 
from  this  station,  fibres  run  forwards  along  the  anterior  limb  of  the 
internal  capsule,  passing  to  the  optic  thalamus  and  frontal  cortex. 
This  constitutes  a  crossed  cerebello-rubro-thalamic  and  a  cerebello- 
rubro-frontal  path. 

A  small  number  of  cerebello-fugal  fibres  also  run  in  the  middle 
peduncle,  from  the  corpus  dentatum  to  the  contra-lateral  pontine 
nuclei  (formatio  reticularis),  whence  new  fibres  arise  and,  passing 
upwards  through  the  crus  cerebri  and  internal  capsule,  reach  the 
frontal,  temporal,  and  occipital  cortex.  From  the  nucleus  Jastigii 
(roof  nucleus  or  nucleus  medialis)  the  fastigio-bulbar  tract,  containing 
both  crossed  and  uncrossed  cerebello-fugal  fibres,  winds  around  the 
crus  cerebri  and  reaches  to  the  vestibular  nucleus,  also  to  Deiters' 
nucleus  and  to  most  of  the  sensory  bulbar  nuclei.  The  precise  con- 
nections of  the  other  intra-cerebellar  nuclei  (nuclei  emboliformes  and 
nucleus  globosus)  are  not  yet  completely  identified. 

It  should  be  particularly  noted  that  there  are  no  cerebello-fugal 
paths  leading  directly  downwards  to  the  spinal  cord,  but  only  indirect 
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Fig.   20. — Cerebello-petal  and  cerebello-fngal  paths. 
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descending  paths,  one  vp(  the  red  nucleus  and  the  rubro-spinal  tract,  and 
another  vid  Deiters' nucleus  and  the  vestibulo-spinal(Deitero-spinal)  tract. 

It  will  therefore  be  observed  that,  broadly  speaking,  each  lateral  half 
of  the  cerebellum  is  in  connection  (1)  mainly  with  the  cerebral  hemi- 
sphere, thalamus,  and  pontine  nuclei  of  the  opposite  or  contra-lateral 
side,  (2)  with  both  sides  of  the  medulla,  and  (3)  with  the  same  or  ipso- 
lateral  side  of  the  spinal  cord. 

Thus  the  cerebellum  receives  impulses  from  various  sources: — 
(I)  from  the  cerebrum  through  the  superior  peduncles;  (2)  from  the 
skin,  joints,  and  muscles  through  the  inferior  peduncles;  (3)  from  most 
of  the  cranial  nerve  nuclei  through  the  middle  peduncles;  (4)  and  most 
important  of  all,  from  the  semicircular  canals,  by  the  vestibular  nerve 
and  Deiters'  nucleus.  And  in  turn  the  intra-cerebellar  nuclei  send 
efferent  impulses  along  the  superior  peduncles  to  the  red  nucleus,  rein- 
forcing the  general  muscular  tonus  and  helping  to  co-ordinate  voluntary 
motor  impulses  proceeding  from  the  cerebrum. 

In  most  voluntary  movements  the  centre  of  gravity  of  the  body 
requires  to  be  altered  and  certain  muscular  groups  have  to  co-ordinate 
to  maintain  equilibrium.  For  this  purpose  the  tonus  of  these  "anti- 
gravity"  muscular  groups  has  to  be  augmented,  and  this  is  accom- 
plished by  the  cerebellum,  the  great  centre  for  co-ordination  and 
equilibration,  partly  by  the  action  of  its  dentate,  roof,  and  emboli- 
form  nuclei  upon  the  red  nuclei  and  cerebral  motor  cortex;  partly 
by  the  influence  of  the  nuclei  of  Deiters,  wa  the  descending  vestibulo- 
spinal tracts,  upon  the  spinal  cord. 

Whilst  the  cerebellum  may  be  regarded  as  the  organ  for  the  sub- 
conscious synergic  regulation  of  co-ordinated  movements  of  the  limbs 
and  trunk,  the  functions  of  the  cerebellar  cortex  differ  essentially 
from  those  of  the  intra-cerebellar  nuclei.  Clark ^  and  Horsley  showed 
that  although  the  cerebellum  as  a  whole — comprising  cortex  and  nuclei 
— responds  to  stimulation,  the  cerebellar  cortex  is  relatively  insensitive 
to  electrical  stimuli.  On  the  other  hand  the  subjacent  intra-cerebellar 
nuclei,  with  their  cerebello-fugal  fibres,  can  readily  be  stimulated, 
giving  rise  to  various  characteristic  movements.  Nevertheless  destruc- 
tion of  localised  areas  of  the  cerebellar  cortex  itself,  as  shown  by  the 
experimental  researches  of  v.  Eynbeck,  Rothmann,  and  others, 
demonstrates  the  existence  of  definite  cortical  co-ordination  centres 
corresponding  with  various  muscle-groups  of  the  limbs,  head,  and 
trunks.  The  following  co-ordination  centres  have  been  identified  in 
the  dog  by  means  of  localised  extirpations : — 

In  the  anterior  lobe  of  the  vermis  there  are  centres  for  the  muscles 
innervated  by  the  motor  cranial  nerves  (ocular,  masticatory,  facial, 
and  tongue  muscles),  and  in  the  anterior  and  posterior  lunate  lobules 
a  centre  for  the  neck  muscles.  Both  of  these  centres  are  close  to  the 
middle  line.    In  the  lateral  lobe  there  is  a  centre  for  the  muscles  of  the 

1  Brain,  1903,  p.  45. 
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ipso-lateral  limbs,  the  upper  limb  being  farther  forward  (in  the  lunate 
lobule),  the  lower  limb  more  posteriorly  (in  the  lobulus  semilunaris 
superior).  In  the  upper  portion  of  the  posterior  median  lobule  (inferior 
vermis)  is  a  centre  for  the  muscles  of  the  limbs  of  both  sides,  whilst 
the  remainder  of  the  cerebellar  cortex  corresponds  to  the  trunk  muscles. 
{  These  views  have  also  been  supported  by  Bardny's  observations 
on  the  human  brain.  Barony,  by  the  temporary  freezing  of  small 
areas  of  cerebellar  cortex,  exposed  in  man  during  operation,  pro- 
duces transient  and  localised  loss  of  function  in  these  areas.  To 
identify  them  clinically  he  employs  what  we  may  call  the  "  target " 
or  pointing  tests.  A  normal  individual,  with  closed  eyes,  can,  with 
any  of  his  limbs,  come  back  accurately  to  a  given  mark.  Nevertheless, 
even  in  him  we  can  produce  an  artificial  vestibular  deviation  or  mis- 
pointing  ("  vorbei-zeigen")  of  all  the  limbs  by  inducing  vestibular 
nystagmus.  (See  later,  Vestibular  Ataxia.)  In  localised  disease  of 
the  cerebellar  cortex,  however,  without  provoking  any  artificial  vesti- 
bular nystagmus,  we  have  a  sponfaneons  "vorbei-zeigen"  or  mis- 
pointing.  This  is  present  only  in  the  ipso-lateral  limbs  and  in  a  special 
direction  in  each  case,  corresponding  with  the  area  of  cerebellar  cortex 
affected. 

Barany  maintains  the  existence  in  each  cerebellar  hemisphere 
of  four  cortical  centres  for  muscular  tonus  in  the  ipso-lateral  limbs, 
viz.  for  movements  outwards,  inwards,  upwards,  and  downwards. 
Thus  in  the  right  cerebellar  hemisphere  the  centre  for  movement  of  the 
right  arm  to  the  right  {outward  tonus)  is  believed  by  Bardny  to  be  near 
the  outer  edge  of  the  lateral  lobe  at  the  back  (in  the  region  of  the 
superior  and  inferior  lobules).  When  this  centre  is  paralysed,  the 
intact  centre  in  the  opposite  side  of  the  cerebellum  is  unopposed  and 
there  is  failure  of  outward  tonus  in  the  right  arm  only;  with  that  limb 
therefore  the  patient  shows  spontaneous  "vorbei-zeigen"  or  mis- 
pointing  towards  the  left.  The  centre  for  movement  of  the  right  arm 
towards  the  left  {inward  tonus)  whose  paralysis  produces  spontaneous 
"  vorbei-zeigen  "  of  the  arm  outwards,  towards  the  right,  is  on  the 
anterior  aspect  of  the  right  lateral  lobe,  in  the  region  of  the  biventral 
lobule,  i.e.  close  behind  the  bony  labyrinth  itself.  The  centre  for 
downward  tonus  of  the  upper  limb  is  near  the  postero-mesial  end  of  the 
superior  and  inferior  semilunar  lobules.  Paralysis  of  this  centre 
produces  spontaneous  mis-pointing  of  the  ipso-lateral  arm  upwards. 
The  position  of  the  centre  for  upward  tonus  of  the  upper  limb  is  not  yet 
determined.  Similar  centres  also  exist  for  the  lower  limbs,  of  which 
that  for  inward  tonus  has  been  identified  on  the  outer  surface  of  the 
cerebellar  hemisphere,  behind  the  inward  tonus  arm-centre.  The 
foregoing  phenomena  are  best  seen  in  recent  or  acute  lesions.     In  old- 
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standing  lesions  they  are  less  distinct,  probably  owing  to  compensation 
by  the  cerebrum. 

Further,  in  cortical  cerebellar  lesions,  in  addition  to  the  spontaneous 
mis-pointing  above  described,  we  observe  loss  oj  the  normal  vestibular 
deviation  in  the  ipso-lateral  limb,  when  we  induce  a  vestibular  nystag- 
mus (see  later,  p.  130). 

Experimental  destruction  of  the  right  half  of  the  cerebellum 
by  leaving  unopposed  the  tonic  action  of  the  other  half,  causes  the 
animal  to  rotate  around  its  own  long  axis  in  the  direction  of  screwing 
in  a  screw  (the  animal's  head  representing  the  head  of  the  screw). 
Together  with  this  rotatory  lurching,  there  is  asynergia  of  the  ipso- 
lateral  arm  and  leg,  together  with  various  ocular  phenomena,  including 
nystagmus  owing  to  interruption  of  cerebellar  control  over  the  ocular 
nuclei  through  Deiters'  nucleus. 

Destruction  of  the  anterior  part  of  the  vermis  causes  the  animal 
to  fall  forwards,  whilst  if  the  posterior  part  of  the  vermis  be  destroyed 
the  animal  tends  to  fall  backwards. 

The  results  of  cerebellar  stimulation  are  somewhat  difficult  to 
inter])ret,  owing  to  the  relatively  high  excitability  of  the  sub-cortical 
nuclei  as  compared  with  the  cerebellar  cortex,  and  partly  also  to  the 
difficulty  of  being  sure  that  a  stimulus,  even  when  reaching  a  particular 
nucleus,  is  confined  to  it  and  not  diffused  into  adjacent  tracts.  Horsley 
and  Clark, 1  however,  describe  stimulation  of  the  upper  part  of  the 
nucleus  dentatus  as  producing  deviation  of  the  eyes  and  head  towards 
the  ipso-lateral  side.  Stimulation  of  the  basal  jjortion  of  the  nucleus 
dentatus,  and  of  the  upper  portion  of  the  para-cerebellar  nuclei  on  the 
same  side,  produces  flexion  of  the  ipso-lateral  elbow;  whilst  stimulation 
of  the  para-cerebellar  nuclei  alone  produces  tonic  extension  of  the 
contra-lateral  elbow  with  hyper-extension  of  the  neck  and  head  and 
extension  of  both  legs,  a  condition  which  closely  resembles  certain  so* 
called  "  cerebellar  fits  "  in  man. 

Luciani,  on  experimental  grounds,  considered  asthenia  and  mus- 
cular atonia  as  essential  symptoms  of  cerebellar  disease. 

As  regards  cerebellar  asthenia,  clinical  observations  in  the  earlier 
stages  of  cases  of  extensive  injury  to  the  cerebellum,  e.g.  after  bullet- 
wounds,  show  a  moderate  diminution  of  power  in  the  ipso-lateral 
limbs,  together  with  slowness  in  voluntary  muscular  contractions  and 
relaxations.^  This  form  of  weakness  is  unlike  the  true  paralysis  or 
paresis  due  to  lesions  of  the  pyramidal  tract,  inasmuch  as  the  static 
strength  of  the  limb  (i.e.  the  power  of  voluntary  resistance  to  forcible 
passive  displacements)  is  undiminished  in  cerebellar  asthenia.  More- 
over, in  cerebellar  asthenia,  although  all  voluntary  movements  of  the 

1  Brain,  1908,  p.  45. 

2  (tordon  Holmes,  Brain,  1917,  vol.  xl.,  p.  461. 
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limb  are  weak,  none  are  limited  in  range;  there  is  an  absence  of  the 
characteristic  changes  in  the  reflexes;  and  there  is  no  tendency  to 
the  development  of  rigidity  or  contractures. 

As  to  cerebellar  atonia  or  hypotonia^  one  of  the  most  characteristic 
signs,  this  consists  of  loss  or  diminution  of  tone  in  the  affected  muscles 
on  the  ipso-lateral  side.  This  is  best  seen  in  recent  and  acute  cerebellar 
lesions.  It  is  recognised  by  the  presence  of  abnormal  muscular  flac- 
cidity  and  by  the  readiness  with  which  the  affected  limbs  may  be 
passively  placed  in  abnormal  postures.  Thus  if  the  affected  limb  be 
passively  shaken,  its  distal  segments  flop  about,  inertly,  in  a  flail-like 
fashion;  or  if  both  forearms  are  passively  held  up  in  a  vertical  position, 
the  wrist  on  the  affected  side  falls  passively  into  a  posture  of  extreme 
flexion,  whereas  on  the  normal  side  the  wrist  does  not  become  more  than 
semi-flexed,  owing  to  the  normal  tone  of  the  extensor  muscles.  In 
old-standing  lesions  this  atonia  or  hypotonia  disappears. 

Cerebellar  catalepsy  or  excessive  static  equilibrium,  originally 
described  by  Babinski,  consists  in  the  fact  that  the  cerebellar  patient 
can  maintain  his  limbs  immobile  in  certain  fixed  positions  with  greater 
steadiness  than  a  normal  individual.  This  is  best  demonstrated  by 
making  the  patient  lie  on  his  back  with  the  hips  and  knees  flexed  and 
then  asking  him  to  raise  his  feet  from  the  couch  and  hold  them  in  the 
air  without  touching  each  other.  During  the  process  of  assuming  this 
posture,  the  limbs  and  trunk  show  an  initial  hypermetria  and  asynergia, 
but  in  a  few  moments  the  limbs  become  immobile  and  remain  fixed, 
without  fatigue,  for  a  number  of  minutes,  showing  none  of  the  oscilla- 
tions observed  in  healthy  persons.  In  chronic  unilateral  cerebellar 
disease  the  outstretched  upper  limb  on  the  ipso-lateral  side  is  often 
steadier  than  on  the  healthy  side. 

The  pituitary  gland  is  a  small  oval  body  whose  longest  diameter 
lies  transversely.  It  occupies  the  sella  turcica  of  the  sphenoid  bone, 
being  enclosed  within  a  special  covering  of  dura  mater,  and  is  con- 
nected with  the  floor  of  the  third  ventricle  by  a  narrow,  hollow  stalk 
— the  infundibulum,  which  leads  upwards  through  a  special  aperture 
in  the  dura.  The  pituitary  gland  consists  of  two  lobes,  serving  different 
functions: — (1)  a  larger  anterior  lobe,  purely  epithelial  and  glandular 
in  structure  and  containing  many  chromophile  cells  of  active,  secreting 
nature ;  (2)  a  smaller  posterior  lobe  which  is  subdivided  into  a  pars  inter- 
media, epithelial  in  structure,  but  without  chromophile  cells,  and  a 
pars  nervosa,  the  continuation  of  the  infundibulum,  and  consisting 
of  ependymal  and  neuroglial  cells.  The  pars  nervosa  is  developed  by 
outgrowth  from  the  primitive  brain,  whereas  the  pars  intermedia  and 
anterior  lobe  are  developed  as  a  backward  diverticulum  from  the 
primitive  ectoderm  of  the  pharynx.     In  fact,  a  small  longitudinal 
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patch  of  pituitary  tissue  often  persists  in  the  submucous  tissue  of  the 
pharyngeal  roof,  outside  the  cranial  cavity.^ 

The  secretion  of  the  anterior  lobe  ("  tethelin"),  an  internal  secre- 
tion which  is  related  to  the  general  growth  of  the  body  and  especially 
of  the  skeleton,  enters  the  blood-stream  of  the  venous  sinuses  around 
the  gland. 

The  secretion  of  the  posterior  lobe,  comprising  pars  intermedia  and 
pars  nervosa,  is  of  a  colloid  character.  It  passes  directly  between 
the  ependymal  cells  into  the  cerebro-spinal  fluid  of  the  third  ventricle, 
and  thence  enters  the  blood-stream,  via  the  dural  sinuses.  This 
secretion  of  the  posterior  lobe  has  a  marked  effect  in  raising  the  general 
vascular  pressure,  in  producing  contraction  in  all  varieties  of  non- 
striped  msucle  {e.g.  uterus,  bladder,  intestine,  etc.),  and  also  acts  as  a 
powerful  diuretic  and  galactogogue.  Experimental  removal  of  a 
portion  of  the  pituitary  (total  removal  is  fatal)  produces  a  remarkable 
effect  upon  the  metabolism  of  sugar,  causing  an  increased  power  of 
retaining  sugar  in  the  body.  In  a  normal  person,  if  more  than  a 
certain  amount  of  glucose  (about  100  grammes)  be  taken  at  a  dose, 
some  of  it  will  overflow  in  the  urine,  producing  a  temporary  glycosuria. 
But  if  the  posterior  lobe  of  the  pituitary  body  be  destroyed,  far  larger 
doses  can  be  taken  without  causing  overflow  glycosuria. 

The  pituitary  gland  undergoes  temporary  enlargement  during 
pregnancy,  chiefly  owing  to  an  increase  in  the  chromophile  cells  of 
its  anterior  lobe.  This  enlargement  may  even  produce  bi-temporal 
hemianopia  in  pregnant  women  by  pressure  on  the  optic  chiasma; 
transient  acromegaly  has  also  been  described,^  whilst  glycosuria  has 
been  frequently  noted,  probably  resulting  from  hyper-activity  of  the 
posterior  lobe. 

The  pineal  gland  (conarium  or  epiphysis  cerebri)  is  a  small  oval 
body  lying  mesially  in  the  depression  on  the  dorsal  aspect  of  the 
superior  corpora  quadrigemina.  It  possesses  a  small  cavity,  continu- 
ous anteriorly  with  the  third  ventricle.  Involution  of  the  gland 
begins  normally  in  childhood  at  about  the  age  of  seven  years,  and  is 
complete  at  puberty.  In  the  adult  brain  the  gland  has  already  under- 
gone secondary  calcareous  degeneration,  and  particles  of  "  brain- 
sand"  are  scattered  throughout  its  substance. 

The  pineal  gland  was  formerly  regarded  mainly  as  a  "  vestigial  " 
organ,  a  portion  of  which,  in  some  reptiles,  develops  into  a  rudimentary 
pineal  or  parietal  eye.     More  recent  observations*,  however,  show 

1  Civalleri,  Giornale,  deW Accademia  di  Torino,  1907.  Haherfekl.  Ziegler's  Beitrage 
ziir  path.  Anat.,  1909,  xliv. 

2  Marek,  Oyniik.  CentralUatt,  1911,  s.  1612. 

3  Miinzer,  Berlin.  Klin.  WocJiensch.,  1911,  No.  37.  Kidd,  Rev.  of  Nturd.  and 
Psych.,  1913,  pp.  1  aud  55. 
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that,  so  far  from  being  a  mere  vestigial  organ,  it  is  a  glandular 
structure  whose  activity  is  necessary  for  normal  metabolism  in  early 
life,  and  that  prior  to  the  age  of  puberty  at  least,  the  pineal  gland  is 
an  impotrant  organ  of  internal  secretion. 

The  pineal  secretion  has  a  profound  influence  upon  growth  and 
upon  certain  trophic  functions.  It  inhibits  development  of  the  genital 
glands.  Increased  secretion,  super-pinealism,  causes  excessive  adipo- 
sity and  retards  the  onset  of  puberty,  whereas  diminished  secretion, 
sub-pinealism  (as  in  certain  t^eratomata  of  the  gland  occurring  during 
childhood),  causes  precocious  and  abnormal  development  of  the  male 
genital  organs  and  also  of  secondary  sexual  characteristics. 


CHAPTER  IT 

ANATOMY  AND  PHYSIOLOGY  {continued) 

Having  considered  the  chief  motor  and  sensory  tracts  within  the 
central  nervous  system,  let  us  now  pass  to  the  peripheral  paths  whereby 
the  central  nervous  system  is  connected  with  the  various  end-organs. 

Firstly,  as  to  the  motor  system.  Motor  fibres  starting  in  the 
cortex,  and  passing  down  the  pyramidal  tract,  as  already  described, 
reach  the  nuclei  of  the  various  motor  cranial  nerves  in  the  crura, 
pons,  and  medulla.  Then,  passing  along  the  spinal  cord,  the  pyra- 
midal tract  gives  off  fibres  to  the  anterior  cornua  at  various  levels  all 
the  way  down.  This  portion  of  the  motor  tract,  from  the  motor  cortex 
to  the  extremity  of  the  pyramidal  fibres,  is  called  the  upper  motor 
neurone,  and  if  the  cortical  motor  cell  or  its  axon,  the  pyramidal  motor 
fibre,  be  destroyed,  we  have  degeneration  of  the  whole  length  of  the 
pyramidal  fibre  below  the  level  of  the  lesion,  stopping  short  when  it 
reaches  the  anterior  cornual  cell.  This  so-called  "  descending  de- 
generation ' '  does  not,  as  the  name  might  suggest,  begin  at  the  lesion 
and  spread  downwards,  but  affects  simultaneously  the  whole  motor 
fibre  below  the  lesion,  on  the  side  remote  from  the  nerve-cell  which  is 
its  trophic  centre. 

From  each  anterior  cornual  cell  a  new  motor  fibre  passes  out  of  the 
cord  along  an  anterior  nerve-root,  enters  into  the  formation  of  a  peri- 
pheral motor  nerve,  and  thereby  is  conducted  to  a  muscle-fibre.  This 
lower  segment  of  the  motor  path,  starting  at  the  anterior  cornual 
cell  and  ending  in  the  muscle-fibre,  is  called  the  lower  motor  neurone. 
Here  also,  if  the  anterior  cornual  cell  or  its  axon,  the  peripheral  motor 
nerve,  be  destroyed,  we  again  have  a  "descending  degeneration" 
of  the  whole  fibre  on  the  distal  side  of  the  point  of  injury,  and  of  the 
muscle-fibre  also.  We  note  that  degeneration  of  the  upper  motor 
neurone  does  not  spread  into  the  lower  neurone,  nor  vice  versa.  It  is 
particularly  to  be  remembered  that  a  lesion  of  the  upper  motor 
neurone  leaves  the  lower  reflex  arc  intact,  whilst  a  lesion  of  the  lower 
motor  neurone  not  only  severs  the  reflex  arc,  but  also  causes  the 
muscle-fibre  in  that  reflex  arc  to  degenerate  and  waste  away. 

Therefore  in  diagnosing  the  position  of  the  lesion,  in  any  given 
case  of  motor  paralysis  due  to  organic  disease,  the  first  question  we 
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must  ask  ourselves  is  whether  the  lesion  is  in  the  upper  (cortico- 
spinal) or  in  the  lower  (spino-muscular)  motor  neurone.  There  is 
usually  little  difficulty  in  answering  this  question,  if  we  bear  the 
following  points  in  mind: — 


Lesion  of  Upper  (Corticospinal) 
Motor  Neurone. 

1.  Motor  Paralysis. 

2.  Spasticity. 

3.  No  muscular  wasting  (apart 

from  disuse). 

4.  Electrical  reactions  normal. 

5.  Deep    reflexes    present    and 

often  increased. 

6.  Extensor    plantar   reflex    (if 

leg  affected). 


Lesion  of  Lower  (Spino-Muscular) 
Motor  Neurone. 

1.  Motor  Paralysis. 

2.  Flaccidity.  ' 

3.  Muscular  Atrophy. 

4.  R.D.  (reactions  of  degenera- 

tion). 

5.  Deep  reflexes  absent  or  dimi- 

nished. 

6.  Plantar  reflex,  if  present,  of 

normal  flexor  type  (unless 
lesion  paralyses  flexor 
muscles  themselves). 


Having  thus  recognised  which  motor  neurone,  upper  or  lower,  is 
affected,  we  have  then  to  decide  at  what  level  in  the  affected  neurone 
the  lesion  is  situated.    To  that  point  we  shall  come  later. 

Returning  for  a  moment  to  the  sensory  fibres;  these  may  also 
be  regarded  as  arranged  in  sensory  neurones.  The  lowest  sensory 
neurone  starts  from  a  sensory  end-organ,  in  the  skin  or  elsewhere,  and 
extends  up  to  the  nerve-cell  in  the  intervertebral  ganglion  on  the 
posterior  spinal  root.  This  ganglion-cell  is  the  trophic  centre  for  the 
peripheral  sensory  fibre,  and  a  lesion  at  or  below  this  cell  will  cause 
"  descending  degeneration"  of  the  distal  segment  of  the  fibre  and  of 
the  peripheral  end-organ.  There  is,  however,  one  sensory  end- organ, 
the  muscle-spindle,  which  is  an  exception  to  this  rule,  and  does  not 
degenerate  when  the  afferent  fibre  leading  from  it  to  the  ganglion- cell 
is  destroyed.  The  muscle-spindle  thus  has  its  trophic  centre  within 
itself. 

But  the  ganglion-cell  of  the  posterior  root  is  also  the  trophic  centre 
for  the  fibre  which  passes  upwards  from  it  along  the  posterior  root 
and  enters  the  posterior  column  of  the  spinal  cord.  And  therefore 
a  lesion  at  or  above  the  intervertebral  ganglion-cell,  in  the  posterior 
root,  or  in  its  intra-spinal  prolongation  in  the  posterior  column,  will 
cause  an  "ascending  degeneration"  of  the  fibre  through  its  whole 
course  within  the  spinal  cord.  Here  again  this  so-called  "  ascending  " 
degeneration  occurs  simultaneously  throughout  the  entire  extent  of 
the  nerve-fibre,  on  the  side  remote  from  its  trophic  centre  in  the  inter- 
vertebral ganglion;  and  this  degeneration  extends  as  far  as,  but  does 
not  implicate,  the  next  nerve-cell  whose  axon  leads  upwards  towards 
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the  brain.  Similarly  a  lesion  of  this  second  sensory  neurone  causes 
ascending  degeneration  in  the  fibre  of  the  fillet  above,  as  far  as,  but  not 
including,  the  optic  thalamus.  There  a  third  neurone  starts,  leading 
up  to  the  sensory  area  of  the  cerebral  cortex.  In  the  case  of  the  or- 
dinary sensory  tract,  the  path  traverses  the  internal  capsule. 

In  the  case  of  an  impulse  which  traverses  the  cerebellum,  the  chain 
of  successive  neurones  is  more  complex,  and  consists  of  (1)  a  posterior- 
root  neurone,  (2)  an  ascending  spino-cerebellar  neurone,  (3)  a  cere- 
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Fio.  21. — The  Cervico- brachial  plexus  and  its  branches. 

bello-dentate,    (4)  a  dentato-thalamic,  and    (5)    a  thalamo-cortical 
neurone. 

The  so-called  "  Walierian  degeneration" — "ascending"  or  "de- 
scending "  as  the  case  may  be — signifies  that  a  nerve-fibre  separated 
from  its  trophic  cell,  degenerates  on  the  side  remote  from  that  cell. 
It  should  also  be  remembered  that  after  lesions  of  a  cranial  or  spinal 
nerve,  especially  in  a  young  animal,  marked  chromatolytic  changes 
are  produced  in  the  nerve-cells  of  the  corresponding  motor  nucleus 
in  the  bulb  or  spinal  cord. 
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The  anterior  and  posterior  nerve-roots  join  to  form  mixed  nerve- 
trunks.  These  again  branch  and  intermingle  to  form  plexuses  in  the 
cervical  lumbar,  and  sacral  regions.  The  distribution  of  the  different 
nerves,  motor  and  sensory,  is  represented  in  Figs.  21,  22,  and  23. 

Root  Lesions. — But  what  is  perhaps  less  familiar,  though  of  equal 
diagnostic  importance,  is  the  distribution  of  the  anterior  and  posterior 
spinal  roots.  In  lesions  of  the  lower  motor  neurone,  we  have  often  to 
decide  whether  the  distribution  of  symptoms  points  to  a  lesion  of  a 
peripheral  nerve- trunk,  such  as  the  musculo- spiral  or  sciatic,  or  whether 
it  points  to  a  lesion  of  one  or  more  nerve-roots  before  they  have  joined 
to  form  the  trunks  of  a  plexus.  Thus,  for  example,  the  deltoid  is  fre- 
quently paralysed  alone  owing  to  a  lesion  of  the  circumflex  nerve, 
but  it  is  never  paralysed  alone  as  a  result  of  a  lesion  of  the  anterior 
cornu  or  anterior  nerve-root.  Again,  a  lesion  of  the  musculo-spiral 
nerve  may  produce  paralysis  both  of  the  supinator  longus  and  of  the 
extensors  of  the  wrist  and  fingers,  but  these  muscles  are  never  affected 
together  by  a  lesion  of  a  single  segment  of  the  spinal  cord  or  of  a 
single  anterior  root,  since  their  motor  cells  lie  at  different  levels  in 
the  anterior  cornu.  This  will"  be  readily  seen  on  studying  the  tables 
on  p.  35,  which  show  the  nuclear  representation  of  muscles  in  the 
anterior  cornua  at  various  levels  of  the  spinal  cord.  For  clinical 
purposes,  the  distribution  of  each  anterior  root  may  be  considered 
to  be  the  same  as  that  of  the  spinal  segment  from  which  it  arises. 

In  connection  with  the  root  distribution  of  sensory  and  motor  fibres, 
it  is  interesting  to  note  that  in  each  embryonic  segment  or  metamere, 
the  muscular  territory  (myotome)  of  the  segment  corresponds  more 
or  less  closely  with  the  cutaneous  distribution  (dermatome)  and  with 
a  zone  of  the  bony  skeleton  (sclerotome).  In  the  trunk  this  segmental 
or  metameric  arrangement  is  comparatively  easy  to  recognise,  esp^ici- 
ally  in  the  thorax ;  and  even  in  the  limbs  a  similar  arrangement,  though 
more  complex,  can  be  made  out.  Thus,  as  Bolk  has  shown,  in  the 
limbs  there  is  for  every  spinal  segment  a  corresponding  dermatome, 
myotome,  and  sclerotome,  but  they  are  subdivided  into  a  pre-axial 
and  a  post-axial  division  in  each  case  (see  Fig.  24). 

We  observe  that  comparatively  few  muscles  are  confined  to  a 
single  segment,  but  that  most  of  them  are  represented  in  two  or  more 
segments.  If,  therefore,  a  cord  lesion  be  limited  to  one  segment,  it 
will  cause  complete  paralysis  of  the  muscles  confined  to  that  particular 
segment  and  partial  paralysis  of  muscles  whose  motor  nuclei  extend 
up  or  down  into  other  segments.  This  explains  the  apparent  irre- 
gularity in  the  distribution  and  degree  of  paralysis  in  certain  cases  of 
infantile  paralysis  and  other  diseases  of  the  anterior  horns. 

Similarly  in  a  case  of  cutaneous  anaesthesia  it  is  important  to  dis- 


ANATOMY  AND  PHYSIOLOGY 


31 


cue 


/\nt.sacro-cocc. 
Perineal  bra 


Peroneal 


Fig.  22. — The  Lumbo-sacral  plexus  and  its  branches. 
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Fia.  24. — Tiansveiye  s3ction  through  upper  third  of  thigh.  The  thick 
black  line  indicates  the  boundary  between  the  pre-axial  and  post- 
axial  regions  of  the  limb.  The  fine  black  lines  mark  the  segmental 
distribution.     (After  Bolk.) 


I 
I 


Fig.  25. — Diagram  of  cutaneous  areas  of  posterior  roots.     (After  Collier  and 

Purves  Stewart.) 
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tinguish  between  a  posterior-root  lesion  aud  a  lesion  of  a  peripheral 
nerve-trunk  such  as  the  radial  or  ulnar.  The  distribution  of  the 
posterior  nerve-roots  is  indicated  diagrammatically  in  Figs.  25  and  26. 

It  is  sometimes  difficult  for  the  student  to  remember  the  arrange- 
ment of  these  cutaneous  root-areas.  In  the  trunk  they  run  mainly 
horizontally,  whereas  in  the  upper  limbs  they  run  longitudinally, 
jiarallel  to  the  axis  of  the  limb,  whilst  in  the  lower  limbs,  anteriorly, 
they  run  from  above  downwards,  and  posteriorly,  from  below  upwards 
Finally  the  genital  organs,  innervated  by  the  third  and  fourth  sacral 
roots,  are  suspended,  as  it  were,  amongst  strangers,  viz.  in  the  neigh- 
bourhood of  the  second  and  third  lumbar  areas  (see  Fig.  25). 

,  The  teaching  of  these  areas  can  be  simplified  as  follows: — Let  us 
regard  the  body  as  a  long  cylinder,  beginning  above  at  the  head  (inner- 
vated by  the  trigeminal  nerve),  and  ending  below  at  the  coccyx.  If 
this  body  had  no  limbs,  everything  would  be  easy,  and  we  might  repre- 
sent the  various  root-areas  as  a  series  of  horizontal  dermatomes  running 


Fig.  26. — Sacro-coccygeal  root-areas. 

from  above'^downwards,  with  the  nose  and  mouth  in  the  trigeminal 
area,  the  nipples  at  the  j  unction  of  the  fifth  and  sixth  thoracic,  the 
umbilicus  at  the  junction  of  the  ninth  and  tenth  thoracic,  and  the  anus 
within  the  fourth  sacral  area  (Fig.  27a).  The  upper  extremities,  growing 
outwards  horizontally  from  the  trunk  in  the  cervico-thoracic  region, 
carr}"^  with  them  the  corresponding  root-areas,  which  run  in  long  strips 
parallel  to  the  long  axis  of  the  limbs,  the  thumbs  being  directed  upwards 
(Fig.  27b).  In  the  fully  developed  condition  these  areas  on  the  trunk 
are  reduced  to  a  mere  line,  so  that  the  fourth  cervical  segment  comes 
to  touch  the  third  thoracic  segment. 

The  lower  limbs  may  also  be  represented  as  horizontal  outgrowths 
in  the  lumbo-sacral  region,  being  strongly  rotated  from  within  outwards, 
so  as  to  place  the  great  toes  uppermost.  In  this  position  the  cutaneous 
root-areas  run  from  above  downwards,  the  pre-axial  roots  running  along 
the  anterior  aspect  and  the  post-axial  roots  along  the  posterior  aspect, 
always  from  above  downwards.  It  is  essential  in  this  scheme  to  retain 
a  small  projecting  tail  with  the  lower  sacro-coccygeal  root-areas.  In 
the  fully  developed  condition  this  tail,  of  course,  is  embedded  in  the 
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posterior  wall  of  the  anus.     Finally,  the  genital  organs,  innervated  by 
the  third  and  fourth  sacral  roots,  are  inclined  forwards. 

Plate  I.  is  from  a  coloured  model,  constructed  according  to  the 
foregoing  scheme,  in  which  the  various  root-areas  are  coloured  in  series, 
according  to  the  order  of  the  tints  in  the  spectrum.^  Thus  red  =  No.  1, 
orange  =  No.  2,  yellow  =  No.  3,  green  =  No.  4,  blue  =  No.  5,  indigo 
=  No.  6,  violet  =  No.  7,  and  brown  =  No.  8.  Nos.  9  to  12  arc  indicated 
by  paler  shades  of  blue,  indigo,  violet,  and  brown  respectively.  Lastly, 
on  one  side  of  the  model  we  have  also  indicated  the  areas  of  distribution 
of  the  various  peripheral  nerves,  for  purposes  of  comparison. 

Paths  of  Special  Senses— Olfactory  Path. — The  olfactory  nerves, 
starting  from  a  small  area  of  nasal  mucous  membrane  on  the  superior 


Fig.  27a. 


Fig.  27b. 


turbinal  body  and  the  corresponding  uppermost  part  of  the  nasal 
septum,  perforate  the  cribriform  plate  of  the  ethmoid  bone  in  numerous 
small  filaments  and  reach  the  lower  olfactory  centre  within  the  ol- 
factory bulb.  The  central  olfactory  tract  has  various  connections,  not 
of  great  clinical  importance,  leading  to  the  optic  thalamus  and  to 
other  sub-cortical  ganglia.  These  paths  connect  the  olfactory  bulb 
with  the  cortical  centre  for  smell,  situated,  as  we  have  already  seen, 
in  the  uncinate  gyrus  at  the  tip  of  the  temporo-sphenoidal  lobe  (Fig.  4). 
The  olfactory  tract  does  not  traverse  the  internal  capsule.  Each 
olfactory  bulb  is  connected  not  only  with  the  uncinate  gyrus  of  the 


*■  Thia  papier-mache  model  is  manufactured  by  the  Tynecastle  Co.,  1,  Beraers 
btreet,  London,  W.  1. 


PLATE   I. 


COLOURED   MODEL,  SHOWING   CUTANEOUS   ROOT-AREAS. 

Peripheral-Nerve  Areas  are  indicated,  by  white  Unes,  on  the 
right  half  of  the  model. 

To  face  page  30. 
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same  side,  but  also,  through  the  anterior  commissure,  with  that  of  the 
opposite  side  (see  Fig.  28). 

Visual  Path. — This  is  of  great  clinical  importance.  Starting  from 
the  retina,  the  visual  fibres  run  backwards  along  the  optic  nerve. 
At  the  optic  chiasma  there  is  a  partial  decussation,  so  that  the  fibres 
from  the  left  halves  of  both  retinae  (corresponding  to  the  right  halves 
of  the  visual  fields)  run  together  in  the  left  optic  tract,  and  vice  versa. 
The  central  visual  impulses,  from  each  macula  lutea,  do  not  pass 
into  both  optic  tracts,  as  was  formerly  thought,  but  each  optic  tract 
carries  fibres  from  the  ipso-lateral  half  of  the  retina,  including  the 
corresponding  half  of  the  macula.     The  fibres  of  each  optic  tract  run 


Fig.  28. — Diagram  of  connections  of  olfactory  nerves. 

backwards,  winding  around  the  other  side  of  the  crus  cerebri,  to  the 
pmnary  optic  centres,  viz.  the  postero-dorsal  part  of  the  optic  thala- 
mus (a  station  en  route  towards  the  cortical  visual  path),  the  external 
geniculate  body  and  the  anterior  corpus  quadrigeminum  (reflex  centres 
for  ocular  movements  and  for  accommodation  of  the  eyes,  effected  by 
connections  with  the  ocular  nuclei  in  the  floor  of  the  aqueduct). 

From  these  three  stations  new  fibres  arise,  forming  the  "  optic 
radiation,"  passing  through  the  internal  capsule  behind  the  fibres  for 
common  sensation  (Fig.  7)  and  so  reaching  the  cortical  half -vision 
centre.  This  centre,  mainly  on  the  mesial  aspect  of  the  hemisphere, 
is  divided  into  an  upper  and  a  lower  part  by  the  calcarine  fissure 
(Fig.  4).    Above  the  fissure  is  the  cuneate  lobe,  below  it  is  the  lingual 
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gyrus.  The  half- vision  centre  also  extends  on  to  the  convexity  of  the 
occipital  lobe  at  its  posterior  extremity  (Fig.  3).  The  calcarine  fissure 
forms  a  boundary-line  between  the  cortical  representations  of  the  upper 
and  lower  quadrants  of  the  corresponding  half  of  the  visual  field. 
Therefore  a  lesion  of  the  left  occipital  lobe,  or  of  the  whole  of  the  left 
cuneus  and  lingual  gyrus,  or  of  the  fibres  of  the  left  optic  radiation, 
will  cause  a  right-sided  hemianopia  in  both  visual  fields ;  a  lesion  of  the 
the  left  cuneus,  i.e.  limited  to  the  part  above  the  calcarine  fissure,  will 
cause  blindness  of  the  right  lower  quadrant  of  both  visual  fields;  whilst 
if  the  lesion  be  below  the  left  calcarine  fissure,  in  the  lingual  gyrus, 
it  will  produce  blindness  of  the  right  upper  quadrant  of  both  fields. 
These  are  varieties  of  "  quadrantic  hemianopia." 

The  macular  region  of  the  retina  is  represented  in  the  cortex  at 
the  extreme  posterior  pole  of  the  occipital  lobe ;  a  superficial  lesion  in 
this  region  will  produce  a  macular  (or  minute  central)  hemi-scotoma  in 
both  visual  fields.  If  the  lesion  is  deeper,  the  scotoma  is  somewhat 
larger,  being  both  macular  and  para-macular. 

The  serial  concentric  zones  of  the  retina,  from  macula  to  peri- 
phery, are  represented  in  regular  order,  from  behind  forwards,  in 
the  calcarine  cortex.  Thus  a  lesion  confined  to  the  anterior  part 
of  the  calcarine  cortex  will  produce  a  peripheral  scotoma,  hemian- 
opic  in  type,  strictly  symmetrical  in  both  visual  fields. 

A  lesion  of  the  upper  lip  of  both  calcarine  fissures  produces  a  hori- 
zontal hemianopia  inferior,  with  blindness  of  the  lower  half  of  both 
visual  fields.  Such  a  lesion  is  not  uncommon  from  war-injuries. 
Horizontal  hemianopia  superior,  on  the  other  hand,  is  very  rarely 
observed,  since  any  traumatic  lesion  of  the  lower  lip  of  both  calcarine 
fissures  is  almost  certain  to  damage  not  only  the  cerebellum  but  the 
straight  sinus  and  the  lateral  sinuses,  and  is  therefore  almost  invariably 
fatal. 

An  interesting  point  about  horizontal  hemianopia  inferior  is  that 
the  boundary  between  the  upper,  seeing  half,  and  the  lower,  blind 
half,  of  the  fields  is  not  exactly  horizontal  (unlike  lateral  hemianopia, 
in  which  the  boundary  is  usually  accurately  in  the  vertical  meridian). 
This  is  probably  due  to  the  fact  that  the  lesion  is  rarely  limited  exactly 
to  the  upper  lip  of  the  calcarine  fissure. 

Appreciation  of  the  movement  of  an  object  is  sometimes  present 
in  a  blind  part  of  the  visual  field  when  a  stationary  object  is  not  re- 
cognised. In  a  recovering  hemianopia,  recovery  of  vision  for  a  moving 
object  precedes  recovery  of  vision  for  a  stationary  object  and  this 
dissociated  improvement  often  begins  in  the  peripheral  part  of  the 
visual  field.^ 

1  Riddoch,    Brain,  1917,  vol.  xl.,  p.  15. 
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PiQ.  29. — ^Diagram  of  Visual  Paths  (modified  from  Vialet). 
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Lesions  of  the  higher,  psycho-visual  cortex  in  the  angular  and  supra- 
marginal  gyri  cause  a  difficulty  in  recognising  objects  seen,  except  those 
objects  in  the  centre  of  the  visual  field. 

In  lesions  of  the  lateral  surfaces  of  the  hemispheres,  especially  in  the 
postero-parietal  region,  these  higher  psycho-visual  functions  may  be  alone 
affected,  leaving  visual  sensibility  intact.  Such  lesions  produce  loss  of 
visual  orientation  and  localisation  in  space,  disturbance  of  the  perception 
of  depth  and  distance,  loss  of  visual  attention,  and  visual  agnosia.^ 

There  is  also  a  hysterical  phenomenon  known  as  "  crossed  amblyopia." 
This  means  a  concentric  contraction  of  both  visual  fields,  more  marked 
in  the  contra-lateral  eye. 

Fijially,  in  right-handed  people  there  is  in  the  left  angular  gyrua 
a  centre  for  the  storage  of  visual  memories  of  written  and  printed 
speech.  If  this  centre  be  destroyed,  we  have  word-blindness,  which 
may  or  may  not  be  associated  with  right  hemianopia,  according  as 
the  subjacent  optic  radiations  are  affected  or  not.  Fig.  29  indicates 
diagrammatically  these  various  fibres  and  centres,  and  also  shows 
the  effects  upon  the  visual  fields  of  lesions  in  various  parts  of  the 
visual  path. 

Gustatory  Path. — The  course  of  the  taste-fibres  outside  the  brain 
is  somewhat  complex,  and  we  shall  study  it  again  later  when  we  con- 
sider the  cranial  nerves.  It  is  probable  that  some  of  the  taste  impulses, 
chiefly  those  from  the  front  of  the  tongue,  enter  the  brain  through  the 
sensory  root  of  the  fifth  cranial  nerve,  some  through  the  glosso- 
pharyngeal nerve,  and  some  through  the  nervus  intennedius  or  sensory 
root  of  the  facial.  The  cortical  centre  for  taste  is  in  the  front  part  of  the 
temporal  lobe,  close  to  the  olfactory  centre  (Fig.  4).  The  intra-cerebral 
course  of  the  gustatory  fibres  is  not  definitely  settled,  but  it  is  probable 
that  they  do  not  traverse  the  internal  capsule. 

Auditory  Path. — This  is  of  some  practical  importance  (Fig.  30). 

Entering  the  medulla  in  the  cochlear  nerve,  the  auditory  fibres 
embrace  the  restiform  body,  some  passing  along  its  inner  side  to  the 
ventral  auditory  nucleus,  others  passing  along  its  outer  side  to  the  dorsal 
auditory  nucleus.  From  these  two  nuclei  new  fibres  pass  upwards 
towards  the  cortex.  A  few  run  up  uncrossed  in  the  fillet  of  the  same 
side,  but  most  of  the  fibres  decussate  and  ascend  in  the  fillet  of  the 
opposite  side.  Some  end  in  the  posterior  corpus  quadrigeminum,  others 
go  directly  to  the  thalamus,  where  they  end  in  the  corpus  geniculatum 
mediale.  Finally  the  bulk  of  them,  passing  through  the  sub-lenticular 
region  of  the  internal  capsule  in  the  "  auditory  radiation  "  behind  the 
sensory  fibres,  reach  the  cortical  auditory  centre  in  the  superior  temporal 
convolution  (Fig.  3),  and  in  the  anterior  transverse  temporal  convolution 
of  Heschl: — Flechsig's  "auditory  gyrus"-  (situated  on  the  upper 
surface  of  the  temporal  lobe,  at  the  bottom  of  the  Sylvian  fossa, 
immediately  behind  the  insula),  with  which  the  superior  temporal  is 
continuous. 

*  Holmes,  Brit.  Jotirn.  of  Ophthalm..  1918,  p.  353. 

2  Neurdogisches  CeniralUaif,  1S08,  p.  1. 
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We  note  that  each  cortical  centre  receives  auditory  messages  from 
both  ears,  though  more  extensively  from  the  ear  of  the  opposite  side, 
and  that  therefore  a  lesion  limited  to  one  temporal  lobe  will  not  cause 
deafness.  In  right-handed  people  there  is  a  specially  differentiated 
portion  of  the  left  auditory  centre  where  memories  of  word-sounds 
are  stored  up  (Fig.  3). 

Vestibular  Path. — This  conveys  impulses  from  the  semicircular 
canals  of  the  inner  ear.     These  impulses  conduct  sensations  of  rotation 
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Fig.  30. — Diajram  of  connections  of  cochlear  and  vestibular  nerves. 

of  the  head  in  various  planes,  and  are  concerned  chiefly  with  the  main- 
tenance of  bodily  equilibrium. 

The  fibres  of  the  vestibular  nerve,  entering  the  brain-stem  at  the 
lower  border  of  the  pons,  terminate  in  the  vestibular  nucleus  beneath 
the  floor  of  the  fourth  ventricle.  This  nucleus  has  several  sub-divisions, 
of  which  the  most  important  is  the  lateral  vestibular  nucleus  of 
Deiters.  Deiters'  nucleus  sends  off  various  efferent  tracts,  including 
the  vestibulo-spinal  tract,  running  downwards  into  the  spinal  cord  and 
serving  to  co-ordinate  movements  ofthe  trunk  and  limbs  in  response  to 
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stimulation  of  the  semicircular  canals.  It  also  sends  off  another  tract 
to  the  nuclei  of  the  ocular  muscles,  whereby  conjugate  movements  of 
the  eyes  are  provided  for,  enabling  one  to  keep  the  gaze  fixed  upon  a 
stationary  objectwhilst  the  hsad  is  moving. 

It  should  be  observed  that  there  is  no  direct  pathway  leading  up- 
wards from  the  vestibular  nucleus  to  the  thalamus  or  cerebral  cortex. 
Normally,  therefore,  equilibratory  reactions  excited  from  the  semi- 
circular canals  are  performed  unconsciously. 

There  are,  however,  important  afferent  tracts  leading  from  the 
vestibular  apparatus  to  the  cerebellum  ;  some  from  the  vestibular 
nucleus,  others  directly  by  root-fibres  of  the  vestibular  nerve. 

The  cerebellum  is  the  chief  co-ordination  centre  for  the  reception 
of  vestibular  impulses.  Normally  none  of  its  activities  produca 
conscious  sensation. 

A  certain  amount  of  clinical  evidence^  supports  the  view  that  there 
is  a  special  cortical  centre  associated  with  the  sensations  of  hunger 
and  thirst.  It  would  appear  to  be  in  the  temporal  lobe,  at  or  near 
the  olfactory  centre.  Abscesses,  injuries  and  tumours  in  this  region 
have  been  associated  with  voracious  appetite  and  intense  thirst, 
persisting  for  weeks  or  months. 

Arteries  of  the  Brain. — Most  cases  of  acute  brain  disease  which 
we  meet  with  in  civil  practice  are  the  direct  result  of  some  vascular 
disease,  e.g.  haemorrhage,  thrombosis,  or  embolism.  It  is  therefore 
important  to  understand  certain  facts  about  the  cerebral  circulation. 

The  brain  is  supplied  by  two  pairs  of  arteries — the  internal  carotids 
and  the  vertebrals,  as  shown  in  Fig.  31.  At  the  lower  border  of  the 
pons,  the  two  vertebral  arteries  join  to  form  the  bjsi'ar  artery,  which 
runs  forwards  in  the  mesial  groove  along  the  front  of  the  pons,  supplying 
perforating  branches  to  the  pons  and  arteries  to  the  cerebellum.  Be- 
tween the  crura  cerebri  the  basilar  divides  into  the  two  posterior  cerebral 
arteries,  each  of  which  winds  round  the  outer  side  of  the  crus  supplying 
it  as  it  passes,  and  also  giving  branches  to  the  optic  thalamus  and  the 
corpora  quadrigemina.  Finally  it  reaches  and  supplies  the  lower  part 
of  the  temporo-occipital  cortex  (Figs.  32  and  33).  Each  posterior 
cerebral  artery  sends  a  posterior  communicating  artery  forwards  to 
join  the  internal  carotid. 

The  internal  carotid,  close  to  its  termination,  gives  off  an  important 
branch — the  anterior  choroid  artery,  which  passes  backwards  to  enter 
the  descending  horn  of  the  lateral  ventricle.  The  area  supplied  by  the 
anterior  choroid  (see  Figs.  32  and  33)  includes  the  posterior  two-thirds 
of  the  posterior  limb  of  the  internal  capsule,  ])art  of  the  choroid  plexus 
of  the  lateral  ventricle,  and  also  the  uncinate  gyrus  of  the  temporal 
lobe.2  Finally,  the  internal  carotid  divides  into  three  main  branches — 
anterior  cerebral,  middle  cerebral,  and  posterior  communicating.  The 
two  anterior  cerebral  arteries  are  connected  by  the  short  anterior  com- 

^  Stephen  Paget,  Essays  for  Stiidents,  1898. 
2  Beevor,  Brain,  1907,  p.  403. 
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municating  artery,  thus  completing  the  "  circle  of  Willis."  The 
anterior  cerebral  artery  passes  forward,  and  then,  curving  round  to  the 
top  of  the  corpus  callosum,  turns  backwards,  parallel  with  its  fellow 
of  the  opposite  side,  between  the  mesial  surfaces  of  the  two  hemispheres. 
Most  of  the  mesial  surface  of  the  cerebral  hemisphere,  as  far  back  as  the 
parieto-occipital  fissure,  is  supplied  by  the  anterjor  cerebral  artery 
(Figs.  32  and  33).  It  also  sends  branches  over  the  edge  of  the  hemi- 
sphere to  its  convex  surface,  supplying  the  anterior  and  mesial  part  of 
the  frontal  lobe  and  a  small  part  of  the  parietal  lobule.  And  at  the 
beginning  of  its  course,  it  sends  a  few  perforating  branches  inwards  to 
the  caudate  nucleus. 

The  middle  cerebral  artery,  or  arteria  fossce  Sylvii,  is  clinically  the 
most  important   of  the  three.     Its  main  trunk  passes  upwards  and 
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Fia.  31. — Arteries  at  the  base  of  the  brain.     One,  the  lenticulo-striate,  is  called 
the  artery  of  cerebral  haemorrhage.     (After  Dercum.) 

outwards  along  the  Sylvian  fissure  to  the  surface  of  the  island  of  Reil, 
where  it  divides  into  its  terminal  branches.  At  its  beginning  it  gives  ofi 
numerous  basal  perforating  arteries,  which  enter  the  anterior  perforated 
space  and  ascend  to  the  caudate  and  lenticular  nucleus  (which  together 
constitute  the  corpus  striatum),  also  to  the  optic  thalamus.  These 
branches  are  called  lenticular,  lenticulo-striate,  and  lenticulo-optic, 
according  to  their  distribution.  All  these,  and  especially  the  lenticulo- 
striate  arteries,  are  frequently  the  seats  of  cerebral  haemorrhage.  The 
main  trunk  of  the  middle  cerebral  runs  along  the  Sylvian  fissure  where 
it  divides  into  four  terminal  branches  (Figs.  32  and  33).  One  goes  to 
Broca's  convolution  (the  third  inferior  frontal);  another  to  the  lower 
two- thirds  of  the  pre-central  convolution  and  to  the  adjacent  part  of  the 
second  frontal  convolution;  another  to  the  post-central  convolution  and 
the  adjacent  superior  parietal  convolution;  and  a  fourth  to  the  supra- 
marginal  convolution,  the  angular  convolution  and  the  upper  temporal 
convolutions,  and  so  to  the  tip  of  the  lobe  on  its  mesial  aspect. 
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The  cortical  arteries  anastomose  with  one  another,  but  not  so  the 
perforating  basal  vessels.  They  are  "  terminal "  arteries,  and  do  not 
anastomose  either  with  each  other  or  with  the  cortical  vessels.  There- 
fore if  a  basal  artery  becomes  blocked  by  thrombosis  or  embolism, 
a  permanent  area  of  necrosis  results.  On  the  other  hand,  the  blocking 
of  a  cortical  artery  admits  of  a  more  favourable  prognosis,  since  a 
collateral  circulation  may  develop  and  the  necrotic  process  be  arrested. 

The  cerebellum  is  supplied  by  the  anterior  cerebellar  and  superior 
cerebellar  arteries  from  the  basilar,  and  by  the  posterior  cerebellar 
arteries  from  the  vertebral.  The  posterior  inferior  cerebellar  artery, 
which  supplies  the  lateral  aspect  of  the  medulla,  is  of  clinical  importance 
inasmuch  as,  when  it  is  thrombosed,  the  resulting  area  of  destruction 
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Fig.  33. — Arterial  supply  of  basal  ganglia  and  cortex.     (After  Beevor.) 

(including  the  inferior  olive,  the  restiform  body,  and  the  intervening 
nuclei  of  the  vagus  and  glosso- pharyngeal)  produces  a  characteristic 
unilateral  bulbar  syndrome  (see  later,  p.  257). 

The  spinal  cord  is  supplied  by  three  main  arteries,  one  anterior 
and  two  posterior,  running  on  the  surface  along  the  entire  extent 
of  the  cord.  The  anterior  spinal  artery  arises  from  one  or  other  verte- 
bral, receiving  a  small  communicating  branch  from  the  opposite 
vertebral.  As  it  r-uns  down  the  front  of  the  cord,  it  is  reinforced  by  a 
series  of  smaller  vessels,  derived  from  the  intercostal  and  lumbar 
arteries,  which  enter  here  and  there  along  the  anterior  roots.  The 
anterior  spinal  artery  sends  numerous  branches  deeply  along  the  pia 
mater  lining  the  median  fissure,  dipping  alternately  into  the  right  and 
left  sides  of  the  fissure,  and  supplying  the  grey  matter  of  the  cord. 
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The  two  posterior  spinal  arteries,  one  on  each  side,  also  arise  from  the 
vertebral  arteries  and  run  downwards  on  the  back  of  the  cord,  close 
to  the  posterior  roots,  being  reinforced  by  small  branches  entering 
here  and  there  along  the  posterior  roots.  Fig.  34  shows  diagramma- 
tically  the  position  of  these  various  spinal  arteries,  and  it  should  be 
observed  that  the  grey  matter  and  the  white  receive  their  blood-supply 
from  different  vessels.  Moreover,  like  the  perforating  basal  arteries 
of  the  brain,  all  the  spinal  arteries,  once  they  have  penetrated  the  cord, 
are  terminal  arteries  and  do  not  anastomose.  Therefore  embolism 
or  thrombosis  of  a  spinal  artery  always  produces  an  area  of  necrosis. 

The  Venous  Circulation  in  the  brain  is  peculiar,  inasmuch  as  the 
direction  of  the  blood-stream  in  the  cortex  is  the  same  in  the  arteries 
as  in  the  veins,  i.e.  from  before  backwards.  The  superior  longi- 
tuditial  sintis  receives  not  only  the  superior  cerebral  veins  from  the 
cortex,  but  also  some  veins  from  the  scalp,  and  through  its  starting- 
point  at  the  foramen  caecum  it  receives  branches  from  the  nasal  vein, 
though  after  childhood  this  foramen  often  becomes  closed.  Therefore 
when  thrombosis  of  the  superior  longitudinal  sinus  occurs  in  a  marasmic 
child,  we  expect  epistaxis,  convulsions,  and  distension  of  the  nasal 
veins,  together  with  distension  of  the  veins  of  the  scalp.  Posteriorly 
the  superior  longitudinal  sinus  ends  at  the  torcular  Herophili.  This 
sinus  runs  so  close  to  the  surface  that  in  the  infant,  before  the  anterior 
fontanelle  becomes  closed  in,  it  is  easy  to  use  it  for  the  purpose  of 
intravenous  injections. 

The  inferior  longitudinal  sinus  is  quite  small,  and,  like  the  superior, 
lies  between  the  layers  of  the  falx  cerebri,  but  at  its  lower  edge.  It 
runs  backwards  to  the  anterior  edge  of  the  tentorium,  receiving  branches 
from  the  mesial  surface  of  the  hemispheres,  and  ends  in  the  straight 
sinus.  The  straight  sinus  receives  some  cerebellar  veins  and  the  veins 
of  Galen  from  the  velum  interpositum  and  interior  of  the  brain,  and 
passes  backwards  either  into  the  torcular  Herophili  or  into  one  of  the 
lateral  sinuses.  When  the  veins  of  Galen  are  thrombosed  the  cerebral 
ventricles  become  distended  with  fluid. 

The  lateral  sinuses  begin  at  the  internal  occipital  protuberance  and 
arch  outwards,  one  on  each  side,  to  open  through  the  jugular  foramen 
into  the  internal  jugular  vein.  The  sinus  passes  close  to  the  mastoid 
portion  of  the  temporal  bone.  Here  it  receives  the  superior  petrosal 
sinus,  and  also  emissary  veins  from  the  scalp  in  the  mastoid  region. 
Just  before  it  empties  into  the  jugular,  it  receives  the  inferior  petrosal 
sinus  and  sometimes  the  occipital  sinus  from  the  torcular. 

Lateral  sinus  thrombosis  is  a  well-known  and  dangerous  compli- 
cation of  suppuration  in  the  middle  ear.  It  is  recognised  by  distension 
of  the  mastoid  veins,  oedema  of  that  region,  and  hardness  and  tender- 
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Fig.  34. — Diagram  of  the  course  and  distribution  of  the  terminal  arteries  of 
the  spinal  cord.     (After  Van  Gehuchten.) 
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ness  of  the  internal  jugular  vein.  Together  with  this  we  may  have 
rigidity  of  the  neck,  tinnitus,  vertigo,  and  even  signs  of  compression  of 
the  vagus,  such  as  dyspnoea,  dysphagia,  bradycardia,  and  palatal 
paresis.  It  is  not  uncommon  to  find  swelling  and  oedema  of  the  ipso- 
lateral  optic  disc.  Crowe^  has  pointed  out  an  additional  physical  sign, 
based  upon  the  fact  that  in  health,  if  one  internal  jugular  vein  be 
compressed  in  the  neck,  the  retinal  vessels  show  no  change,  but  when 
both  jugulars  are  digitally  compressed,  the  retinal  veins  become 
visibly  engorged.  If  one  jugular  vein  (or  the  lateral  sinus  from  which 
it  arises)  be  already  obstructed  by  thrombosis,  pressure  on  the  jugular 
vein  of  the  sound  side  will  produce  venous 
engorgement  of  the  retinal  veins  (visible 
by  means  of  direct  ophthalmoscopy)  and 
sometimes  also  of  the  supra-orbital  veins: 
whereas  if  both  jugulars  are  patent,  pres- 
sure on  one  jugular  produces  no  such 
result. 

The  cavernous  sinuses  lie  one  on  each  side 
between  the  sphenoidal  fissure  and  the  apex 
of  the  temporal  bone.  Each  sinus  receives 
the  ophthalmic  veins  from  the  orbit  and 
communicates  by  means  of  the  circular  (or 
intercavernous)  sinus  with  its  fellow  of  the 
opposite  side.  The  sinus  ends  posteriorly  by 
opening  into  the  two  petrosal  sinuses. 


Fig.   35. — Thrombosis  of  left 
cavernous  sinus. 


Thrombosis  of  the  cavernous  sinus  is 

generally  secondary  to  some  septic  condi- 
tion of  the  orbit,  naso-pharynx,  or  sphenoidal  sinus.  It  is  recognised 
by  the  presence  of  chemosis  (oedema  of  the  conjunctiva),  proptosis 
(bulging  forwards  of  the  eyeball),  and  oedema  of  the  upper  lid  and 
root  of  the  nose  (see  Fig.  35).  There  may  be  paralysis  of  certain 
of  the  external  ocular  muscles  from  affection  of  the  third,  fourth, 
or  sixth  nerves,  which  lie  in  the  outer  wall  of  the  cavernous  sinus. 
Nearly  all  the  intra-cranial  venous  blood  leaves  the  skull  by  the 
internal  jugular  veins,  so  that  in  an  infective  thrombosis  of  any  of  the 
cerebral  sinuses  it  may  become  necessary  to  ligature  the  internal 
jugular  vein  to  prevent  a  general  pyaemia. 

^  Bulletin  of  Johns  Hopkins  Hospital,  1912,  vol.  xxiii.,  p.  321. 


CHAPTEK  III 

METHODS  OF  CASE-TAKING 

In  no  class  of  maladies  is  a  thorough  examination  of  the  patient  of 
greater  importance  than  in  cases  of  nervous  disease.  One  cannot 
urge  too  strongly  the  value  of  systematic  examination.  It  matters 
little  what  particular  scheme  of  case-taking  be  adopted,  so  long  as  it 
is  one  which  ensures  that  the  investigation  is  complete,  and  that  no 
point  of  importance  is  overlooked.  Sometimes,  it  is  true,  we  may 
make  a  diagnosis  at  a  glance,  as  for  example  in  paralysis  agitans, 
or  chorea.  But  more  usually  the  patient  presents  symptoms  or  signs 
which  are  common  to  several  diseases,  and  we  have  to  decide  from 
which  of  these  diseases  he  is  suffering.  The  chief  causes  of  wrong 
diagnosis  are  insufficient  examination,  inaccurate  observation,  and, 
less  commonly,  false  conclusions  from  correct  and  sufficient  facts. 
But  if  we  pursue  a  good  routine  method  of  examination,  gross  errors 
of  diagnosis  can  generally  be  avoided. 

Examination  of  a  nervous  case  should  not  be  confined  to  the 
nervous  system  alone.  All  the  systems  of  the  body  should  be  investi- 
gated. An  accomplished  neurologist  must  be  in  the  first  place  a 
sound  general  physician. 

The  value  of  negative  as  well  as  positive  facts  cannot  be  over- 
estimated. The  neurological  student  should  accustom  himself  from 
the  outset  not  only  to  chronicle  deviations  from  the  normal,  but  also, 
if  he  finds  that  certain  other  functions  are  normal,  to  record  the  fact 
and  not  to  pass  them  over  without  reference. 

As  in  any  other  case,  a  careful  history  should  first  be  obtained. 
It  is  comparatively  seldom  that  a  patient,  however  willing  he  may 
be,  provides  us  spontaneously  with  an  accurate  history  of  his  case. 
We  generally  have  to  guide  his  tale  by  suitable  questions,  and  in  many 
cases  we  have  to  supplement  the  patient's  account  by  inquiring  for 
corroborative  or  correcting  facts  from  the  patient's  friends. 

We  first  inquire  as  to  the  mode  of  onset  of  the  patient's  symptoms, 
whether  such  onset  was  sudden  or  gradual,  and,  if  gradual,  the  exact 
order  in  which  the  various  symptoms  appeared.  In  the  family  history 
inquiry  should  be  made  as  to  the  occurrence  of  nervous  or  mental 
disease  in  other  members  of  the  family,  also  as  to  a  family  history  of 
gout,  asthma,  tuberculosis,  cancer,  etc.     In  certain  cases,  consanguin- 
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ity  of  the  parents  should  be  inquired  for.  In  the  account  of  the  patient's 
previous  health,  it  is  important  to  inquire  as  to  syphilis,  kidney  disease, 
gout,  rheumatic  fever,  or  any  previous  nervous  disease,  and  a  note 
should  be  made  as  to  the  patient's  occupation  and  habits  of  life,  and  as 
to  his  temperance  in  alcohol,  tobacco,  etc.  When  inquiring  about 
venereal  disease,  if  the  patient  is  a  man,  we  should  put  our  questions 
straightforwardly,  but  in  female  patients  considerable  delicacy  is 
necessary,  and  it  is  advisable  simply  to  inquire  for  collateral  symptoms, 
e.g.  rashes,  falling  out  of  hair,  sore  throat  and,  especially  in  married 
women,  a  succession  of  premature  or  dead  children.  In  any  case  we 
should  never  interrogate  a  male  patient  on  the  subject  of  venereal 
disease  in  the  presence  of  his  wife,  nor  vice  versa. 

Having  thus  noted  the  chief  points  in  the  history  of  the  case, 
we  proceed  to  the  examination  of  the  patient's  present  slate.  The 
following  scheme  will  be  found  useful: — 

Scheme  for  Routine  Examination  of  Nervous  System. 
Higher  Cerebral  and  Mental  Functions. 

liitDllig.Mice— Atteation — Memorj' — Emotional    state — Hallucinatiuus    or    delu- 
sions— Delirium — Coma — Drowsiness — Insomnia. 

Fits  or  other  Abnormal  Movements. 

Fits  —  Tremors  —  Fibrillary  movements  —  Chorea  —  Athetosis  —  Tics  — 
Myoclonus,  Myotonus,  etc.     Description  of  each. 

Speech  and  Articulation. 

Apliasia  -Is  patient  right  or  left  handed  ? 

Cranial  Nerves. 

1.  Smell — Anosmia — Parosmia. 

2.  Visual  acuity — Fields  of  vision  to  a  moving  and  to  a  stationary  object;  Hcnii- 

anopia,  etc. —  Colour-  blindness  —  Ophthalmoscopic   examination— Optic 
discs,  atrophy,  neuritis — Retinal  ha;morrhages,  choroiditis,  etc. 
3. 1  Puijils:  Size,  shape,  reaction  to  light  (direct  and  consensual),  and  to  accom- 

4.  .-       modation — External   ocular  movements — Ptosis — Movements  of  eyes  in 
6. J        all  directions — Convergence — Squint — Diplopia — Nystagmus. 

5.  Sensation — Face:  Conjunctival,  nasal,  and  buccal  mucous  membranes  — Taste. 
Motor — Masseters,  temporals,  j)terygoids,  e.c. 

7.  Sensory  fibres  (nervus  intermedins)  :  Cutaneous  sensation  in  external  meatus 

and  membrana  tympani.     Taste  in  anterior  two  thirds  of  tongue  (chorda 
tympani). 
Motor  fibres:  Facial  muscles,  upper  and  lower — Nerve  to  stapedius — Hyper- 
acousis. 

8.  Hearing:  Aerial  and  bone  conduction — Examination  of  meatus  and  tympanic 

membrane — Tinnitus. 
Vestibular  sensation:  Vertigo — Thermic  nystagmus — ^Deviation  tests. 

9.  Taste :  Posterior  third  of  tongue — Anaesthesia  of  pharynx — DiflBculty  in  swallow- 

ing.    ' '  Curtain ' '  movement  of  pharyngeal  wall. 

10.  Palate — Recurrent    laryngeal    branch — Laryngoscojiic    examination — Heart, 

resjiiration,  digestion. 

11.  Sterno-mastoid  and  Trapezius. 

12.  Tongue  (motor). 

Sensory  Functions. 

Subjective  sensations:  Pain: — site,  direction  of  radiation,  character,  frequency — 
Headache — Vertigo — Tingling — "  Pins  and  needles  " — Formication,  etc. 
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Sensibility  to  touch  —  pain  —  temperature  — Anaesthesia  —  Parsesthesia  —  Hyi)er« 
iesthesia — Tenderness  on  pressure  over  nerve-trunks,  muscles,  or  skin — 
Vibration-sense  (with  tuning-fork — Joint-sense — Sense  of  active  muscular 
contraction  with  different  weights — Stereognosis  and  recognition  of  passive 
movements  (three  dimensional) — Compass  test  (two  dimensional)-— Spot- 
Hnding  (uni-dimensional) — Recognition  of  intensity  (between  cold  and  cool, 
between  warm  and  hot,  etc.) — Recognition  of  similarity  and  difference 
(a])prwiation  of  size,  weight,  shape,  texture). 

Motor  Functions. 

Paralysis  or  i'aresis: — In  head  and  neck,  upper  limbs,  diaphragm,  intercostals, 

spinal  and  abdominal  muscles,  lower  limbs. 

Monoplegia — Hemiplegia — Diplegia — Paraplegia — Uemi  -  paraplegia — 

"  Crossed  paralysis,"  etc. 
Co-ordination: — Unsteadiness  of  upper  or  lower  limbs  on  voluntary  movement 

— Deviation  tests  after  inducing  vestibular  nystagmus — Finger-nose  and 

heel- knee  tests — Gait. 
Muscular  Atrophy  or  Hypertrophy.    Rigidity — Flaccidity — ^Hypotonia. 

Reflexes. 

Saj3rficial. — Corneal,  palatal,  epigastric,  abdominal,  cremasteric,  plantar  (Hcxioii 

or  extension  of  hallux)— bulbo-cavemosu£ — anal. 
D33p. — .law,  wrist,  elbow,  knee,  ankle-jerks.     Ankle-clonus — knee-clonus,  etc. 
Organic. — Micturition — Retention — Retention    with     overflow     incontinence — 

Intermittent  incontinence — Constant   iwralytic   dribbling — Defaecation — 

(.'ontrol  of  sphincters — Priapism. 

Trophic  Functions. 

.M uscles. — Electrical  reactions — Faradic — Galvanic — Condenser  shocks. 
Skin. — Bullae — Herpes — Bed-sores — Perforating  ulcers — Glossy  skin,  etc. 
Joints  and  Bones. — Arthropathies — Spontaneous  fractures— Pes  cavus,  etc. 

Examination  of  Skull  and  Vertebral  Column. 

Abnormal  projections  or  depressions — Tenderness,  etc.,  on  percussion — Radi- 
ography. 

Cerebro-spinal  Fluid. 

Naked-cyc  characters  of  fluid — Microscopic  examination — Cytology — Bacteri- 
ology— Wassermann  reaction — Albumin,  globulin,  urea,  etc. 

Vegetative  Nervous  System. 

Cervical  sympathetic — Dilatation  (jf  pupil  to  shade  and  cocaine — Ciliospinal 
reflex  —  Proptosis  —  Exophthalmos  —  Enophthalmos  —  Retraction  of 
upper  lid— Pseudo-ptosis — Flushing  or  sweating  of  face,  neck,  upper 
extremity. 

Angio-neuroses  —  Raynaud's  disease  —  Erythromelalgia  —  Angio-neurotic 
ujdema  —  Localised  hyperidrosis  or  anidrosis  —  Intermittent  claudication, 
etc 

Several  points  should  be  noticed  in  the  foregoing  scheme.  We 
begin  with  the  higher  cerebral  and  mental  functions,  for  this  reason, 
that  if  a  patient  be  mentally  obtuse,  or  worse,  if  he  be  confused  or 
delirious,  then  any  statement  he  may  make  is  open  to  doubt,  and  for 
our  diagnosis  we  must  rely  mainly  (and  in  cases  of  coma  entirely) 
upon  physical  signs  and  upon  the  history  supplied  by  the  patient's 
friends. 

The  patient's  emotional  state  is  sometimes  of  diagnostic  significance. 
Not  only  are  many  hysterical  patients  unduly  emotional,  but  a  similai 
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condition  is  observed  in  certain  cases  of  disseminated  sclerosis,  where 
there  is  a  tendency  to  smile  and  giggle  upon  slight  provocation,  whiLst, 
on  the  other  hand,  cases  of  aphasia  and  of  advanced  bulbar  palsy- 
are  often  lachrymose. 

The  statements  of  a  patient  who  is  addicted  to  habitual  alcoholic 
intemperance,  or  to  chronic  poisoning  with  opium,  cocaine  or  other 
drug,  must  also  be  received  with  philosophic  doubt.  There  is  a  special 
variety  of  loss  of  memory,  called  Eorsakow*s  psychosis,  which  occurs 
chiefly  in  chronic  alcoholists.  The  patient  is  usually  a  woman  and  the 
subject  of  peripheral  neuritis.  This  is  most  commonly  alcoholic  in 
origin,  but  is  sometimes  due  to  other  toxic  causes,  such  as  arsenical 
poisoning,  septicaemia,  or  other  severe  fever,  e.g.  malaria  or  enteric  fever. 
The  patient  has  a  faulty  conception  of  time  and  place  and  a  specially 
deficient  memory  for  recent  events.  Moreover  she  frequently  suffers 
from  "mythomania"  and  has  what  are  euphemistically  called 
"  pseudo-memories,"  so  that  she  is  a  reckless  liar  and  "  the  truth  is 
not  in  her."  This  is  one  of  the  toxic  varieties  of  insanity,  and  is  com- 
moner in  women  than  in  men.  The  male  alcoholist  seldom  shows 
Korsakow's  psychosis,  but  if  his  alcohol  be  suddenly  withdrawn 
{e.g.  during  an  acute  illness  or  following  an  accident),  he  tends  to  suffer 
from  the  more  violent  and  dramatic  "delirium  tremens,"  with  the 
tremors,  acute  distress,  auditory  hallucinations  of  voices  talking  to 
him,  and  visual  hallucinations  of  rats,  beetles,  devils,  etc.  (zoopsia), 
80  familiar  to  the  lay  writer.  Olfactory  or  gustatory  hallucinations 
are  rare  in  alcoholists. 

Passing  from  the  patient's  mental  condition,  we  should  carefully 
observe  and  describe  any  fits,  tremors,  or  other  spontaneous  abnormal 
movements  that  may  be  present.  Disorders  of  speech  and  articulation 
should  next  be  studied,  and  the  cranial  nerves  examined  in  due  order. 

It  will  be  observed  that,  in  our  scheme  of  case-taking,  sensory 
functions  are  investigated  before  motor.  As  a  matter  of  experience, 
this  order  of  examination  is  found  to  be  of  considerable  practical 
advantage.  The  discovery  of  an  area  of  anaesthesia  often  puts  us 
rapidly  on  the  track  of  a  correct  diagnosis  and  enables  us  to  select 
with  greater  ease  the  salient  points  in  the  motor  and  other  phenomena. 

Certain  accessory  methods  of  examination,  such  as  the  testing 
of  electrical  reactions  and  lumbar  puncture,  are  required  only  in 
special  circumstances,  where  they  may  throw  a  flood  of  light  on  an 
otherwise  obscure  case.  Inspection,  palpation,  and  percussion  of 
the  skull  are  of  considerable  value  in  some  cases  of  tumour  of  the  brain, 
especially  in  cases  of  cerebellar  growths.  Sometimes  it  is  advisable 
to  have  the  scalp  shaved ,  in  order  to  detect  abnormalities  in  the  shape 
of  the  cranium. 
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Having  collected  our  facts,  comprising  the  history  and  the  present 
state  of  the  patient,  we  are  now  in  a  position  to  make  our  diagnosis. 
And  in  the  process  of  diagnosis  we  have,  first  of  all,  to  ask  ourselves — 
Is  the  disease  an  organic  one,  due  to  a  gross  irritative  or  destructive 
lesion  in  the  nervous  system,  for  example  cerebral  haemorrhage, 
alcoholic  neuritis  or  tuberculous  meningitis  ?  Or  is  it  one  of  the  so- 
called  "  functional  "  diseases,  that  is  to  say,  without  known  morbid 
anatomy,  for  example  hysteria,  migraine,  neurasthenia  ? 

The  boundary-line  between  functional  and  organic  diseases  is  not  so 
definite  as  might  at  first  sight  be  supposed.  At  the  present  day,  many 
diseases  are  classified  as  functional,  for  no  better  reason  than  that  in  them 
no  constant  anatomical  changes  have  yet  been  recognised.  In  such 
diseases  as  epilepsy,  exophthalmic  goitre,  and  Raynaud's  disease,  there  can 
be  little  doubt  that  profound  molecular  changes  exist — in  the  first  instance 
in  the  central  nervous  system,  in  the  two  latter  in  the  vegetative  system — 
but  these  changes  have  not  yet  been  identified.  Other  diseases  again,  due 
to  poisoning  by  microbes  or  their  toxins,  or  by  other  poisons,  e.g.  chorea, 
hydrophobia,  tetanus,  certain  varieties  of  epileptiform  fits,  etc.,  are  un- 
doubtedly the  result  of  pathological  changes  affecting  various  groups  of 
nerve  elements.  And  yet,  because  at  present  these  changes  are  not  visible 
histologically,  they  have  been  classed  as  "  functional."  Even  hysteria 
itself,  the  prototype  of  functional  disease,  has  some  profound  underlying 
bio-chemical  change.  The  term  "  functional,"  then,  is  a  confession  of 
our  etiological  ignorance,  and  is  by  no  means  synonjTnous  with  "  curable." 

If  the  evidence  points  to  an  organic  lesion,  we  have  then  to  ask 
ourselves  two  further  questions:  (1)  Where  is  the  lesion  ?  (2)  What 
is  its  pathological  nature  ?  The  answer  to  the  first  question,  which 
constitutes  the  anatomical  diagnosis,  is  derived  mainly  from  a  study 
of  the  distribution  and  grouping  of  the  signs  and  symptoms.  The 
answer  to  the  second,  constituting  the  ^pathological  diagnosis,  is 
attained  mainly  by  a  study  of  the  history  of  the  mode  of  onset  and 
the  rate  at  which  the  lesion  develops. 

In  making  an  anatomical  diagnosis  we  should  always  endeavour 
to  think  of  a  single  lesion  which  will  account  for  all  the  symptoms. 
Thus,  for  example,  suppose  a  patient  comes  to  us  with  hemiplegia  of 
the  left  arm  and  leg,  of  the  "  upper  motor  neurone  "  type  (see  p.  28), 
and  at  the  same  time  with  a  right-sided  facial  palsy  of  the  "  lower 
motor  neurone  "  type.  In  such  a  case,  instead  of  diagnosing  two 
lesions,  one  in  the  right  side  of  the  brain  causing  left  hemiplegia  and 
another  in  the  right  facial  nerve  causing  right  facial  palsy,  we  prefer  to 
diagnose  a  single  lesion  in  the  right  side  of  the  pons,  implicating  simul- 
taneously the  right  facial  nerve  and  the  pyramidal  tract  (see  Fig.  6). 

As  an  example  of  pathological  diagnosis,  suppose  we  have  a  patient 
with  spastic  paraplegia  of  both  lower  limbs  and  with  anaesthesia  up 
to  the  level  of  the  umbilicus,  the  anatomical  position  of  the  lesion  is 
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comparatively  easy  to  fix,  namely  in  the  lower  thoracic  region  of  the 
cord,  implicating  both  sensory  and  motor  tracts.  If  the  symptoms 
appeared  suddenly,  we  think  of  a  vascular  lesion  such  as  haemorrhage 
or  thrombosis;  if  they  developed  within  a  day  or  two,  some  inflam- 
matory condition  such  as  myelitis  is  probable;  whilst  if  they  only 
appeared  very  slowly,  taking  many  months  to  reach  their  present 
intensity,  we  have  to  think  of  a  slowly  progressive  lesion,  such  as  a 
tumour. 


Fro.  36. — Paralysis  of  left  rausculo-spiral  nerve,  to  which  is  superadded 
a  hysterical  monoplegia  of  the  whole  upper  limb. 


We  must  never  diagnose  hysteria  or  neurasthenia  until  we  have 
excluded  gross  organic  disease.  And,  finally,  we  should  remember  that 
the  presence  of  certain  hysterical  or  neurasthenic  symptoms  does  not 
exclude  a  co-existent  organic  lesion,  nor  vice  versa.  Functional  and 
organic  disease  may  be  combined  in  the  same  patient,  and  this  com- 
bination increases  the  difficulty  of  diagnosis.  Thus,  for  example, 
a  patient  with  hysterical  paraplegia  used  a  pair  of  crutches  to  get  about ; 
the  pressure  of  the  crutches  in  his  axillae  subsequently  produced  a 
bilateral  musculo-spiral  paralysis  of  organic  origin. 

In  most  cases  the  functional  element  is  more  extensive  in 
distribution  than  the  underlying  organic  part,  and,  as  it  were, 
submerges  it.  Unless  care  be  exercised  in  the  examination,  the 
organic  factor  may  either  be  overlooked  and  the  whole  case  wrongly 
regarded  as  functional,  or,  on  the  other  hand,  the  organic  paralysis 
may  appear  more  serious  than  it  really  is.  The  following  is  another 
example  of  combined  functional  and  organic  paralysis: — 

A  gunner,  aged  twenty-seven,  was  hit  by  a  shrapnel  bullet  at  Gallipoli. 
Tlip  entry-wound  was  through  the  middle  of  the  left  upper  ami,  behind 
the  musculo-spiral  groove;  the  exit- wound  was  an  inch  higher  up,  through 
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the  middle  of  the  biceps.  The  bullet-track  thus  crossed  the  musculo- 
spiral  nerve.  The  patient's  upper  limb  at  once  dropped  powerless  to  his 
side;  he  himself  felt  as  if  it  had  been  blown  off.  He  had  no  pain  at  the 
time  of  injury,  nor  afterwards. 

When  examined,  eight  days  after  the  injur}',  there  was  complete 
anajsthesia  of  the  left  upper  limb  to  all  forms  of  cutaneous  stimulation 
from  the  level  of  the  acromion  downwards  (see  Fig.  36).  Joint-sense  was 
absent  at  the  fingers  and  wrist,  normal  at  the  elbow  and  shoulder.  Vibra- 
tion-sense was  lost  in  the  hand,  forearm,  and  upper  arm.,  normal  at  the 
clavicle  and  scapula.  • 

The  only  voluntary  movement  that  could  be  peifoimcd  in  the  left 
upper  limb  was  feeble  flexion  of  the  fingers.  The  thumb,  wrist,  and  fore- 
arm were  completely  paralysed.  The  biceps  and  triceps  could  be  felt 
feebly  to  contract,  but  not  enough  to  move  the  elbow.  He  could  feebly 
abduct  and  adduct  the  shoulder. 

To  faradism  there  was  loss  of  reaction  in  the  supinator  longus  and 
in  the  extensors  of  the  WTist,  fingers,  and  thumb.  All  the  other  muscles 
of  the  upper  limb  reacted  briskly. 

Fig.  36  shows  the  patient  during  an  attempt  to  flex  both  elbows  and  to 
dorsiflex  both  wrists.  On  the  left  side  he  fails  to  do  so.  There  is  wrist 
drop,  and  the  elbow  is  being  passively  flexed  by  the  nurse.  The  entry- 
wound  behind  the  musculo-spiral  nerve  is  shown,  also  the  upper  limit  of 
the  cutaneous  anaesthesia,  up  to  the  middle  of  the  scapula. 


CHAPTER  IV 

COMA 

We  are  not  infrequently  called  to  see  a  patient  who  is  found  to  be 
unconscious.  In  such  cases  it  is  of  great  importance  to  make  a  correct 
diagnosis  as  to  the  probable  cause.  There  are  different  degrees  of 
unconsciousness.  For  example^. thgre  are  conditions  in  which  the 
patient  can  be  roused  from  his  unconsciousness  by  shaking,  shoutiny. 
or  other  stimuli,  as  in  the  case  of  ordinary  sleep.  When  this  degree 
of  unconsciousness  occurs  in  pathological  conditions,  as  in  a  patient 
stupefied  by  various  poisons  (whether  produced  within  the  body  or 
introduced  from  without),  or  from  mechanical  compression  of  the  brain, 
for  example  by  haemorrhage,  we  call  the  condition  stupor. 

Carebral  Concussion,  resulting  from  head-inj urv.  follows immediatel v 
ujjon  that  injury,  without  any  latent  int.prvRl  ^  _  Tt  is  probably  due  to  _ 

^^'H^ftn     hyp^'"^'""*^Q    pnmprf^ga^Mn^    nr    gqnPAzil^g      of     thp,    wholp.    brain, 

's   producing  an  instantaneous  cerebral  anaemia  with  wide-spread  para- 
^  lytic  symptoms.     This  a.i^pp.m\a.^  in  its  most  profound  flp.grftft,  b_as  only 
^    a  momentary  duration  and  tends  to  pass  off  spontaneously,  through  re- 
flux of  blood.     Complete  re- establishment  of  the  cerebral  circulation 
takes  some  time,  since  thej)riginal  anaemia  of  the  bulbar  nuclei_  causes 
a  fall  in  blood-pressure. 

The  concussed  patient  is  pale  and  collapsed^  with  a  s^tolic  blood- 
pressure  lowered  to  80  or  70  mm.  of  Hg  or  p.vpn  Ipss.      Hr  may  be 
stuporose  or  eyen  comatose.     In  a  slight  case  there  is  merely  temporary^ 
unconsciousness  or  giddiness,  with  pallor  and  a  little  mental  confusion^ 
'^  often  followed  by  headache.     In  more  severe  cases  there  is  an  initial 
^Slagp.  of  colla.pse  with  iinronsrionsnpas  lasfnig  fqr  jy^nrs  "T  PVPfl   fftr 
i*  days.     But  in  most  cases  the  patient  can  be  roiii^pfi  by  strong  sf.imnli 
I    His  face  is  pale,  liLs  pupils  dilated,  his  breathing  is  slow,  ^tiallow.  and 
irregular;  his  pulse  is  weak  and  his  ijemperature  subnormal.      He  lies 

^  In  war-time,  concussion  may  occur  from  a  sudden  and  violent  variation  in 
atmospheric  pressure,  resulting  from  the  bursting  of  a  high-explosive  shell,  without 
any  direct  cranial  trauma.  Experiments  on  animals*  have  shown  that,  under  such 
conditions,  minute  peri- vascular  haemorrhages  are  produced  in  various  situations, 
y.7.  the  grey  matter  of  the  cerebral  cortex  or  of  the  mid-brain,  the  unsupported  parts 
of  the  spinal  nerve- roots,  and  the  surface  of  the  spinal  cord;  the  alveolar  capillaries 
of  the  lungs  are  also  ruptured.   ' 

*  Mairet  and  Durante,  Rivue  neurologique,  1917,  p.  421. 
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with  flaccid  limbs,  like  a  drunken  man.  Trendelenburg  has  agtly 
named  this  condition  ' '  traumatic  narcosis.  ' 

When  the  initial  hyperacute  compression  passes  off,  it  is  followed 
by  a  certain  amount  of  diffuse,  reactionary  swelling  or  oedema  (such 
as  follows  a  severe  blow  on  any  other  organ).  This  oedema  is  associated 
with  mild  irritative  phenomena,  due  to  diffuse  obstruction  of  the  cere- 
bral venules.  This  is  the  so-called  staiie  of  reaction,  often  ushered  in  by 
vomiting,  sometimes  even  by  an  pn>ilftptiform  convulsion.  Con- 
sciousness begins  to  return;  the  temperature  rises  and  ii^y  mount  to 
100°  F.  or  higher ;  the  pulse  is  now  full  and  bounding,  and  the  respira^, 

•^    tions  become  deeper.     There  isnsually  Viparlflrhp      In  some  cases,  in 
^     which  there  has  been  considerable  cerebral  contusion,  the  reactionary 

%     oedema  increases  for  a-time  until,  about  foHy-pight,  hours  aftpr  the 

»j^  acciiient,  the  classical  picture  of  "  cerebral  irritation", is  produced. 
Here  the  patient  has  curled  up  on  his  side,  with  all  his  limbs  flexed  and 
his  head  covered  by  the  bed-clothes,  making  no  spontaneous  move- 

^  njents  but  resentful  of  any  kind  of  stimulus,  physical  or  mental. 
H^  is  perfectly  conscious,   ho^wever,  and  has  severe  headache.     The 

Ir     2)ulse  is  quick  and  the  temperature  raised  from  the  subnormal  con- 

f)  cussion-level  to  101°  or  102°  F. 

^  A  severely  concussed  patient  generally  has  a  "  retrograde  amnesia," 

i.e.  he  has  no  recollection  of  the  incidents  which  occurred  within  the 
last  few  hours  immediately  prior  to  his  accident,.  As  a  rule,  although 
the  memory  of  these  incidents  returns  later,  the  remembrance  of  the 
accident  itself  is  permanently  lost. 

/n  Coma  is  that  degree  of  unconsciousness  which  is  so    deep  that 

(J/    we  are  unable,  bv  ^riy  nrfUnary  sfimiiliis,  to  rouse  the  patient.     A 

Q     deeply  comatosp.  pcifipnf  Anna  Tif^f  "^'nlbw  fliiid'^  placed^ in  his  mouth, 

his  conj  unctival  reflexes  are  absent  and  his  pupils  insensitive  to  light^ 

as  in  deep  chloroform  anflpsthpsia 

How  are  we  to  proceed  when  called  to  see  a  patient  whom  we  find 

comatose  ?     Firstly,  we  inquire  into  the  history,  as  to  the  patient's 

previous  health,  whether  the  coma  was  sudden  or  gradual  in  onset  and 

js     whether  it  was  preceded  bv  other  symptoms,  such  as  convulsions  or 

,%     headache.     We  then  examine  the  patient,  feel  the  head  for  signs  of 

^     injury,  smell  the  breath,^ examine  the  pupils,  noting  their  size,  equality 

▼     or  mequality,  and  their  reaction  to  light;  we  Ij^tpn  fo  thp  heart  and 

X     i^iote  thec^argr'fpr  -inrl  fr^qiipnpy  of  \he.  pulse  anr*  T-p<p;rafiopss_   We 

^      note  the  radia,)  systolif.  blooiKprPss^iirp  miuI   tneasure  it  bv  means  of^ 

^     a  sphygmomanometer,  if  available.     We  observe  whether  the  faro  is 

V     J^vmmetiriral  ^''  '^ot,  and  whether  there  is  conjugate  deviation  of  the 

Uhead  and  eyes  in  any  rUr^pfJMn  The  optic  discs  in  all  cases  should  be 
examined.     We  lift  the  limbs  in  turn  and  l|;t  them  fall,  observing 
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whether  there  is  any  difFerP'nr>P  hAf.wftftn  t.hp.  flaccidity  of  t.hft  t.wo  sides. 
We  also  test  the  knee-  ^d  ankle-jerks  and  examine  the  ajbdominal 
and  plantar  refle,xes  on  both  sides.  Then  we  pass  a  catheter,  draw 
off  the  iirioe^-tiote  its  specific  gravity  and  test  it  for  albumin  and  for 
sugar.  Finally  we  note  the  temperature  in  both  axillae,  and  in  certain 
cases  we  perform  lumbar  puncture  and  examine  the  cerebro-spinaj 
nuid.^  In  patients  from  malarious  districts  we  should  also  examine 
a  blood-film  for  the  malarial  parasite. 

The  first  question  is  whether  the  coma  is  due  to  a  general  toxaemia, 
such  aj  poisoning  by  alcohol  or  opium,  uraemia,  diabetes^  etc.,  or  whether 
it  is  the  result  of  some  gross  intra-cranial  lesion,  such  as  haemorrhage, 
jneningitis,  abscess,  tumour,  etc. 

As  a  general  maxim  we  may  state  that,  if  coma  be  toxaemic  in 
origin,  practically  all  the  signs  and  symptoms  will  be  bilaterally^ 
symmetrical.  On  the  contrary,  most  cases  of  gross  intra-cranial 
disease  benig  unilateral,  or  at  least  asymmetrical,  there  will  therefore 
be  a  corresponding  preponderance  of  symptoT]}s  on  one  side  of  the 
body,  so  that,  in  addition  to  coma,  we  have  a  number  of  unilateral 
signs.     Let  us  consider  these  unilateral  cases  first. 

ihe  commonest  case  is  that  of  spontaneous  cerebral  haemorrhage. 
Here  the  onset  of  unconsciousness  is  generally  sudden:  the  patient's 
face  is  flushed  or  cvanosed.  his  skin  sweats  profusely,  he  breathes 
stertorously,  his  blood- pressure  is  high,  and  his  pulse  is  slow,  full  and 
bounding.  ^A.11  his  limbs  are  flaccid,  but  on  comparing  the  two  sides, 
we  find  that  the^flaccidity  is  more  absolute  on  the  hemiplegic  side. 
For  example,  the  elbow  of  the  affected  side  can  be  passively  flexed  to  a 
greater  degree  than  that  of  the  healthy  side.  The  arm  and  leg  on 
tjie  |)aralysed  side  also  fall  more  "  dead"  than  do  those  of  the  sound 
side  when  lifted  up  in  turn  and  allowed  to  drop,  ^he  paralysed  leg 
jies  extended,  whereas  the  healthy  one^tends  to  be  semi-flexed.  The 
head  and  eyes  are  often  turned  to  one  side,  generally  away  from  the 
paralysed  limbs,  unless  the  haemorrhage  be  cortical  or  intra- ventricular, 
in  which  cases  the  deviation  may  be  toward  the  paralysed  limbs,  and 
is  associated  with  other  irritative  phenomena,  e.g.  spasticity  instead  of 
flaccidity.  The  face  is  asymmetrical,  especially  its  lower  part,  the 
paralysed  cheek  flaps  loosely  during  respiration  and  the  mouth  is 
distorted  like  a  mark  of  exclamation  laid  on  its  side  ( — ),  as  if  the 
patient  were  "  puffing  his  pipe  "  at  the  paralysed  angle  of  the  mouth. 
The  pupils  arp  ^mn^i-ally  dilated  and  sjm3t'mes  unequal,  the  larger 
pupi]_being  on  the  side  of  the  brain  lesion.  In  pontine  haemorrhage, 
however,  the  pupils  are  often  contracted  to  the  size  of  pin-points.  At 
the  onset  of  an  ordinary  apoplexy,  whilst  we  get  little  help  from  the 
deep  reflexes,  which  may  or  may  not  be  diminished  or  lost  on  the 
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affected  side,  there  is,  from  the  very  outset,  an  extensor  plantar  reflex 
in  the  great  toe  of  the  hemiplegic  foot,  and  all  the  other  superficial 
reflexes  on  that  side  are  diminished  or  absent.  The  skin  of  the  abdo- 
men can  be  pinched  or  pricked  on  the  paralysed  side  without  eliciting  an 
abdominal  reflex — (Rosenbach's  sign).  The  corneal  reflex  is  abolished 
on  the  hemiplegic  side  instead  of  on  both  sides  as  in  toxic  coma.  The 
temperature  on  the  paralysed  side  is  usually  higher  than  on  the  other, 
although  the  general  temperature  of  the  whole  body  falls  at  first.  If 
the  coma  has  lasted  several  hours,  the  bladder  becomes  distended  and 
may  develop  an  overflow  incontinence.  Afterwards,  the  temperature 
rises  above  normal,  and  in  bad  cases  may  go  on  to  hyper-pyrexia. 

Most  cases  of  spontaneous  cerebral  hemorrhage  occur  in  patients 
past  middle-age,  in  whom  the  arteries  are  no  longer  elastic  and  healthy, 
and  there  is  often  a  history  of  kidney  disease,  with  its  resultant  cardiac 
hypertrophy  and  high-tension  pulse,  conditions  particularly  liable  to 
result  in  the  bursting  of  a  cerebral  artery.  The  actual  attack  of  ha?- 
morrhage  not  uncommonly  occurs  during  some  slight  physical  exertion 
or  mental  excitement,  as  in  public  speakers  (such  as  clergymen, 
politicians,  orafter-dinner  orators),  or  in  old  people  with  brittle  arteries, 
during  straining  at  stool.  In  most  cases  of  intra-dural  cerebral 
or  spinal  haemorrhage  from  whatever  cause,  the  cerebro-spinal  fluid 
is  tinged  with  blood  in  greater  or  smaller  amount. 

But,  in  rare  cases,  cerebral  haemorrhage  may  also  occur  in  young 
people  with  healthy  vessels,  as,  for  example,  in  a  child  during  violent 
convulsions  or  during  a  paroxysm  of  whooping-cough,  when  the 
haemorrhage  is  commonly  venous  in  origin  (due  to  passive  congestion 
with  rupture  of  the  cortical  veins),  and  subdural  in  situation, 
or  it  may  occur  in  any  of  the  so-called  "  bleeding  diseases  " — purpura, 
haBmophilia,  leukaemia,  etc.,  especially  after  some  trivial  injury. 

Cerebral  haemorrhage  often  occurs  in  cases  of  general  paralysis 
of  the  insane,  and  in  fact  may  be  the  first  symptom  calling  attention 
to  the  disease.  The  symptoms  are  those  already  described,  but  there 
is  usually  a  history  of  previous  mental  failure,  grandiose  ideas,  loss 
of  memory,  attacks  of  emotional  excitement,  and  slight  indistinctness 
of  articulation.  In  the  absence  of  such  history,  we  may  be  unable 
at  the  time  to  diagnose  anything  more  than  the  fact  of  a  cerebral 
haemorrhage.  But  afterwards,  when  the  patient  recovers  from  his 
apoplexy — and  the  general  paralytic  recovers  much  more  rapidly  than 
the  non-insane  patient — we  can  generally  recognise  the  characteristic 
evidences  of  the  disease,  both  psychical  and  j)hysical. 

Coma  may  also  be  due  to  traumatic  cerebral  "  compression," 
where  there  is  a  haematoma  from  arterial  bleeding  on  the  surface  of  the 
brain,  either  intra-  .or  extra-dural.    The  signs  are  practically  the  same 


COMA  57 

as  in  spontaneous  apoplexy  but  the  onset  is  different,  for  there  is  a 
history  of  a  head  inj ury .  The  symptoms  dp.vftlop  graflnallv,  especially 
if  the  hgenKvrrha^rftJ^ft_ftxtrni-fiiirRl)  b<^gip"i"g  with  local  paralysis  and 
perhaps  localised  convulsions.  The  paralysis  gradually  increases, 
the  patient  becomes  drowsy,  stupid,  and^najly  comatose,-the  blood- 
pressure  meanwhile  rising  to  an  pvcftssiirp  rlofrrftw — There  jnay  be,_^ 
before  the  onset  of  coma,  a  ' '  lucid  interval ' '  of  several  hours  or_eYeiL_ 
a  whol^day,  during  which  the  patient,  who  was  perhaps  only  stunned 
by  the  original  blow,  recovers  consciousness  and  is  apparently  normal. 
A  lucid  interval  of  this  duration,  when  followed  by  the  above  symptoms, 
generally  indicates  that  the  progressive  haemorrhage  is  extra-dural, 
most  often  the  result  of  rupture  of  the  middle  meningeal  artery  or  of 
one  of  its  branches. 

In  intra-crauial  hstiuorrhage  CDdema  of  the  retina  often  supervenes 
within  a  few  hours.i  The  cedema  is  more  intense  in  the  eye  on  the  sainc 
side  as  the  focal  compression,  and  this  fact  may  be  of  diagnostic  value  in 
obscure  cases  of  coma  following  head-injuries.  This  retinal  oedema  rapidly 
subsides  if  the  intra-cranial  tension  be  relieved  by  operation. 

It  is  ^inrnmmnn  for  syn^ptoms  of  coTiipressinn  to  come  On  inime- 

diately  after  the  head  injury,  and_\vhen  thev  do  so,  they  suggest  a 
depressed   fracture   pressing   directly   upon    the    brain.     This    can    . 
generally  be  detected  by  examination  of  the  cranium. 

Another  important  form  of  cerebral  haemorrhage  which  produces 
cerebral  compression  is  chronic  subdural  haemorrhage  or  delayed 
traumatic  apoplexy,  in  which  a  collection  of  blood,  often  very 
large,  gradually  accumulates  between  the  dura  mater  and  the  cerebral^ 
hemisphere.  This  blood  is  enclosed  within  a  distinct  membrane, 
derived  from  the  coagulated  blood  itself.  Its  longest  diameter,  which 
may  measure  four  to  six  inches,  is  usually  antero-posterior,  most 
commonly  in  the  fronto -parietal  region.  The  condition  is  sometimes 
bilateral.  The  bleeding  is  venous  in  origin,  and  is  due  to  rupture  of  the 
short  cerebral  veins  which  enter"the  superior  longitudinal  sinus  almost 
at  right  angles.  These  veins  are  firmly  fixed  at  one  end  in  the  rigid 
dura,  whilst  they  are  attached  at  their  cerebral  end  to  the  relatively 
movable  brain.  XlhxQnic  subdural  haemorrhage  is__the^je&ult-oi-JL_ 
trauma,^  but  thT>  injury  is  generally  comparatively  trivial,  so  much  so, 

tlia^nnlpsajnq^lirpfl  fnr^  if,  mav  be  entir^l  v  nvpr1nnVfj~      A  sharp  bloW, 

especially  on  the  front  or  bafk  of  the  head,  may,  without  any  fracture 
of  the  cranium,  or  even  without  a  scalp- wound,  suddenly  dislocate  the 
hemispheres  and  rupture  the  veins  on  one  or  both  sides.  The  resulting 
haemorrhage  is  a  slow  or  intermittent  venous  oozing.     After  the  injury 

^  Cusliing,  New  York  Medical  Journal,  January  19,  1907. 
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there  is  usually  a  long  interval,  of  several  days  at  least  (much  longer 
than  in  cerebral  compression  from  arterial  bleeding),  before  the 
haemorrhage  is  large  enough  to  cause  ^vniptoms  of  intra-cranial  pres- 
sure. Then  headache  appears,  severe  and  persistent,  somelimes  over 
tho^eat  of  the  haemorrhage.  This  headache  lasts  a  week  or  two  and  is 
gradually  followed  by  slight  mental  changes,  such  as  absent-minded- 
ness, sleepiness,  forgetfulness,_etc.  This  "  prodromal  period  "gener- 
ally lasts  about  six  weeks.  Then,  jather  sud(l(Mily.  thp  syniptoms 
become  much  worse  and_  the  drowsiness  quicklv  deepens  to  coma. 
This  may  be  ushered  in  by  violent  headache  and  vomiting.  The  coma 
is  of  a  remarkable  type,  undergoing  curious  spontaneous  variations, 
so  that  the  patient  passes' from  consciousness  to  unconsciousness  and 
vice  versa.  There  is  no  other  clinical  condition  in  which  this  feature  is 
so  striking.  The  patient  in  the  intervals  appears  mentally  dull,  but 
not  confused.  Responses  to  simple  questions  are  made  very  slowly^ 
but  quite  intelligently,  so  far  as  they  go.  The  physical  signs  of  focal 
r-^^rphral  1p><inn  arp.  variable,  slight,  and  elusivo.  Pressure  bv  the 
effused  blood  on  the  motor  cortex  may  produce  monoparesis  or  hemi- 
paresis  of  leg  and  arm,  the  face  generally  being  unaffected.  An  ex-  ~ 
tensor  plantar  reflex  and  diminution  or  loss  of  the  abdominal  reflex^ 
are  perhaps  the  most  valuable  unilateral  signs.  The  pvfpns^nrjesponse 
may,  however,  be  bilateral ^  pven  with  a  unilateral  lesion,  probably 
from  dislocation  of  the  opposite  motor  cortex  against  the  cranium. 
Pressure  on  the  mid-brain  may  produce  ocular  or  pupillary  changes. 
_Optic  neuritis  may  develop.  In  unilateral  lesions  it  is  usually  mogt 
marked  on  the  side  of  the  lesion.  In  bilateral  lesions,  it  tends  to  be 
most  intense  on  the  side  of  the  greater  lesion.  Respiration  is  often 
4ieculiar^like  that  of  a  healthy  person  sleeping  soundly — i.e.  a  little  ' 
exaggerated  in  amplitude  and  with  expiration  slightly  emphasized^ 
This  can  be  observed  when  the  patient  is  apparently  awake.  The 
haemorrhage^is  often  bilateral,  thereby  confusing  the  clinical  picture. 
iCorrect  diagnosis  is  of  great  importance,  since  the  condition  is  amenable 
^,p  aiirgrina.1  frpaf^penf.^  and  if  the  blood-cyst  be  evacuated  and  (Irained," 
complete  recovery  mav  occun     Spontaneous  recovery  is  unlikely.  * 

Chronic  subdural  luomorrhaoT'Js  ])robably  identical  with  the  con- 
dition known  as  va^^umi^umu^^^mM^^  is  asso- 
ciated with  ffeneral  paralysis,  with  chronic  alcoholism^  and  with  senile 
dementia.  -Thp  condition  has  usually  been  assumed  to  be  a  spontane- 
ous subdural  venous  haemorrhage,  but,  as  Trotter  points  out,  alcoholic 
and  insane  patients  are  exactly  those  who  are  particularly  exposed  to  the 
moderate  kind  of  injury  which  is  especially  prone  to  produce  chronic 
subdural  haemorrhage,  and  the  patient  is  not  likely  to  remember  or 
make  much  of  the  accident.^ 

^Trotter.  Brit.  Journal  of  Surgery,  vol.  ii.,  1914,  p.  271. 
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Pontine  Haemorrhage  is  geiieral,l,Y  nenr  i-.y,  miflrl]ft_[mPi^a.Tul  there- 
fore tends  to  ])roduce  bilateral.  .sYmptOiiia.  ,  Pontine  cases  generaUy 
Ibut  not  always)  have  strongly  contraotefl  pupils  owing  to  irritation 
Qf  the  third  nerve  nuclei.  There  is  often  hyper- pyrexia  and  most  cases 
are  fatal. 

Thrombosis  of  the  Cerebral  Sinuses  is  a  rarer  ca'j^t^  of  pnnm.,  Here 
the  diagnosis  rests  chiefiy  on  the  history,  Cases  secondary  to  suppura- 
tive conditions  of  the  middle  ear  or  frontal  sinuses  will  have  a  corre- 
sponding history  and  the.nther  signs  of  intra-cranial  venous  obstruction. 
Primary  thrombosis  of  a  sinus,  occurring  without  infection^^  as  in_ 

_Tr^|^pi.s4nni>;  profound  ansemja,  etc.,  is  excessively  difficult  to  recognise. 

Thrombosis  of  cerebral  arteries,  producing  cerebral  softening,  often 

causes   hemiplegia,  but  its  £^riii"ti  '"  "^""''^''  than  is  thnif,  f'^f  haomnr- 

j-ha(rft;   if,  niore  often  comes  on  during  ordinarv  sleep  t^"f1  i'^  riirply_ 
associated  with  coma._    In  young  patients  it  is  generally  syphilitic 
in  origin. 

In  old  people  the  commonest  variety  of  non-fatal  hemiplegia  is 
the  so-called  lacunar  hemiplegia,  due  to  the  occurrence  of  small  lacunar 
fflci  of  peri-arberial  disinte<j^ration.  The  onset  is  sudden,  but  i§_iai:fiLL___ 
associated  with  unconsciousness.  On  the  contrary,  the  old  man,  as 
it  were,  supervises  his  HemipTegic  attack:  he  suddenly  notices  paresis 
and  flaccidity  of  the  limbs  on  one  side,  usually  more  marked  in  the  leg 
than  the  arm.  This  heminaresis  clears  uo  in  a  few  hours  or  days  with-  ^ 
out  leaving  behind  it  contracture  in  the  paresed  limbs.  Such  attacks 
'^^  tend  to  recur,  aftecting  one  or  both  sides  of  the^hrain,  and  often  pro- 
ducing  a  curious  short-stepy)ed  gait  {"  marcfie  d  pel  if  s  pasj'),  until 
some  day  a  terminal  and  fa.ta.1  luT^nmrrhRgp  o^nnrc  ;»  atwl  -jr^i^pf]  ono 

ji)i  the  lacunae,  producing  coma  and  the  other  riasairal  «ignrt  nf  cerebral 

^hsoniorrhage.  ^ 

Acute  encephalitis,  a  disease  cf  infective  ot'^}J^'"   's  an  occasional 

^ cause  of  comauK>t  onlvin  children  but  in  adults^  A  patient,  free  from 
the  ordinary  signs  of  cardio-vascular  disease  which  would  suggest  a' 
cerebral  hajmorrhage  or  thrombosis,  and  without  evidence  of  aural 
or  other  infection  likely  to  induce  meningitis,  develops  within  a  few 
days  hemi))legic,  aphasia  or  other  cortical  symptoms,  associated  with 
deepening  coma,  sometimes  preceded  bv  headache  and  cerebral  vomit- 
ing. The  ccret3ro-s])inal  fluid  in  such  cases,  although  under  increased^ 
pressure,  is  otherwise  uorinal,  or  may  be  more  or  less  biood-staino^ 
from  cortical  thrombosis  and  capillary  haemorrhages  supervening  on 
the  encephalitis.     Syme  of  these  cases  recover  completely,  pstpppiftlly 


^|C*  .rffor  'lecompression  by  linubar  })uiu'ture:  others  remain  permanently 
hemiplegic;  others  die  within  a  fe w  days  from  toxa)mia  or  cortical 
ha)morrhage. 
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Amongst  the  other  gross  intra- cranial  diseases  producing  coma, 
is  cerebral  meningitis.  Here  again  our  diagnosis  depends  on  the  his- 
tory! Most  frequently  the  patient  is  a  child.  Instead  of  a  history 
of  sudden  coma  or  of  head  injury  we  learn  that  there  have  been, _f or 
c^ggipp  Ai^ra  headache^  YftP^'^'"g]  P^^Q^ophobia  and  }iead-retraction. 
'  and  often  the  characteristic  "  hydrocephalic  cry."  The  child  gradu- 
ally becomes  drowsy,  aj^thetic^  and  finally  comatose.  Rigidity  of  the 
neck  muscles  g^fij^oa^otr action  ppr*^'«^  rJnring  thp  mms^  (Fig.  37). 
Kernig's  sign,  Bikeles's  sign,  and  Brudzinski's  "  neck"  and_^'  leg  " 
signs  are  often  of  value,  ^fifni^'a  siiqt\  consists  in  a  reflex  contraction 
of  the  hamstring  muscles  and  a  wince  of  pain  when  an  attempt  is 
made  to  put  the  sacral  nerve-roots  on  the  stretch  by  flexing  the  hip  to 
a  right  angle  and  at  the  same  time  extending  the  knee.  _  BilcfiURs  sign^ 
in  the  upper  limb  (analogous  to  Kernig's  in  the  lower)  consists  in  putting 


Fig.  37. — €ase  of  posterior  basic^meningitit*,  showing  head-retraction  and  postuve 

of  limbs. 

the  roots  of  the  brachial  plexus  on  the  stretch,  by  sitting  the  patient 
up,  bending  the  elbow,  pulling  the  arm  upwards  and  backwards  at  the 
shoulder- joint  to  its  maximal  degree  and  then  attempting  passively 
to  extend  the  elbow.  In  some  cases  of  meningitis  this  last  movement  is 
resisted  by  the  elbow-flexors.  This  sign  is  more  constant  in  brachial 
neuritis  than  in  meningitis,  ^rudzinski's  neck-sign,  which  is  even 
more  frequently  present  than  Kernig's  sign,  is  elicited  by  passively 
flexing  the  head  on  the  chest.  This  induces  flexion  of  the  lower  limbs 
"at  the  hips  and  knees,  sometimes  to  a  marked  extent.  __B  ruth  in  ski's 
leg-sign  is  elicited  by  passively  flexing  one  lower  limb  on  the  abdomen 
to  its  full  extent,  when  the  other  leg  is  at  once  drawn  up  by  the  patient 
to  a  similar  position.  Jf  thp.  mfininp^itis  be  chiefly  on  the  convexity 
of  the  brain,  there  are  commonly  convulsions  preceding  or  accompany- 
mg  the  coma.    _0n  the  other  hand,  if  the  meningitis  be  mainly  basal, 


i  Neurolog.  Ceniralbl.,  1917,  e.  407 
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there  are  cranial  nerve  paralyses^  especially  of  the  ocular  muscles. 
Examination  of  the  cerebro-spinal  fluid  ohtainpH  hy  In mhar  puncture 
gives  conclusive  evidence  in  cases  of  suspected  meningitis. 

The  diagnosis  between  meningitis  and  cerebral^bsceas,  especially  in. 
cases  of  suppurative  otitis,  is  sometimes  difficult.  Amongst  the  im- 
portant diagnostic  points  the  stat^  of  the  pnlsp  is  of  great  value.  In 
meningitis  the  pulse  tends  to  be  small,  rapid,  and  irregular:  in  brain- 
abscess  it  is  regular  and  full.  In  meningitis  the  temperature  is  usually 
raised:  in  brain-abscess  it  is  often  subnormal.  _0£ticr|enr  i  tii^^  if 
_present,  will  indicate  that  the  coma  is  not  djie  to  mere  haRniorrhage^^ 
but  that  there  is  increased  intra-cranial  pressure,  either  due  to^ 
meningitis,  cerebral  abscess^^or  possibly,  if  the  history  be  a  matter 
of  weeks  or  months,  to  intra-cranial  growths,  syphilitic,  tuber- 
culous, or  neoplastic.  " 

JLet  us  now  pass~fb  the  other  class  of  cases  of  coma,  due  not  to  a 
gross  intra-cranial  lesion,  but  to  some  general  toxic  condition  of  the 
higher  cerebral  centres.     In  this  group  the  important  point  to  notice 
•      is  the  absence  of  unilateral  signs. 
^  I  C'         In  the  coma  of  opium  poisoning  there  may  be  a  history  of  laudanum 
^j^wallowed  or  morphine  injected  hypodermically.    An  empty  laudanum 
"•       bottle  or  a  hypodermic  syringe  may  be  found  by  the  patient's  side 
when  he  is  discovered.     If  laudanum  has^been^al^*'"  ^y  ^-^p  mmif.h  if  a 
odour  may  be  detected  in  the  breath.  .A  chemical  analysis  of  the 
stomach-contents  obtained  by  the  stomach- tube,  will  also  help  in  the 
diagnosis.     In  the  comatose  patient  we  notice  thp?  Pixcpssivp  slownpss 
j)f_jespiration.  the  slow  and  fooblp.  pnlsft^thft  cohl  clammy  sVin    a.nc\^ 
most  striking  of  all,  the  pupils  contracted  to  pin-points.  ^  These  symp- 
toms jnight_beconfusedwith  those  nf  ponf  inp  ViflPmnrrlia.gp       Butjhere 
is  not  the  pyrexia  of  a  pontine  apoplexy,  and  the  coma  of  opium  is  not 
so  deep  as  that  of  haemorrhage.      It  used  to  be  taught  that  in  opium- 
poisoning  the  plantar  reflexes  are  of  the  normal  flexor  type,  but  I  have 
seen  a  case  in  which  a  young  man,  after  a  toxic  hypodermic  dose  of 
morphine,  became  comatose  with  absent  knee-jerks  and  ankle- jerks, 
and  with  extensor  plantar  responses.      Fortunately,  he  recovered,  and  a 
few  hours  later  the  deep  reflexes  had  reappeared  and  the  plantar  reflexes 
were  again  flexor  in  tyi)e. 

The  coma  of  jtcute  alcoholic  poisoning  is  not  so  deep  as  that  (5f 
apoplexy,  for  the  ])atLent  can  Ln;nerally  be  roused,  tem])oiarily  at  least, 
by  energetic  stimulation.  The  typical  stertor  ol  apoplexy  is  not 
present,  the  pupils  are  dilated  and  react  to  light,  and  the  corneal  reflexes 

are  preserzfiH ,     Th ojoniporatjirp  ''^  >^iibn(mii:i1,  th e  breath  and  stomach- 

contents  snipH  (}f  tilft^lntl    iuul  if  xyp  miv  a.  xpprimpu  of  the  urine  with 
potassium- hiciiyomate  solution  and  then  allow  strong  sulphuric  acid  to 
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flow  to  the  bottom  of  the  test-tube,  a  green  colour  appears  if  alcohol  be 
present  in  the  urine. 

We  nuist  be  careful,  however,  not  to  diagnose  alcoholic  };oison- 
ing  simply  because  the  patient's  breath  smells  of  alcohol.  In  the 
first  place,  a  patient  with  cerebral  haemorrhage  may  have  had  alcohol 
given  him,  just  at  the  onset  of  his  symptoms.  Or  secondly,  a  patient 
\vh()  h;is  l)peti  drinking  alcohol  may  have  an  attack  of  a])0])lexy,  or  he 
mav  fall  and  sustain  a  head  injury  causing  com})ression.  Therefore 
every  patient  with  ai^parent  alcoholic  coma  should  be  carefully  watched 
for  about  twenty-four  hours,  in  caf^e  nnilflfpral  paralysis,  an  pxtensor 
plantar  reflex,  or  inequality  of  the  pupils  should  supervene. 

jPost-epileptic  Coma  may  be  mistaken  for  apoplexy,  if  we  do  not 
happen  to  know  that  tne  patient  is  epileptic.  But  generally  we  have 
the  history  of  preceding  fits,  and  in  a  chronic  epileptic  there  may  be  old 
scars  about  the  scalp,  tongue,  or  f?\ce,  the  result  of  injuries  during 
previous  fits.  There  is  no  preponderance  of  unilateral  symptoms  after 
a  general  epileptic  fit,  nor  is  there  inequality  of  tlie  pupils.  T he  tongue 
may  have  been  bitten  during  the  fit  and  may  be  still  bleeding  during  the 
stage  of  coma.  Within  an  hour  or  less,  the  epileptic  recovers  conscious- 
ness without  paralytic  sequelae.  If.  however,  some  transient  local ise^\  »» 
motor  weakness  follows,  this  poinTs  rather  to  a  .lacksonum  nx  due  X(\ir 
[WA\  lesion.  — 

In  the  Stokes-Adams  syndrome  we  have  rtrofnnnd  coma  and  stertnr- 
pus  breathing,  ^^th  or  without  epileptiform  convulsions.^  The  condi- 
TTTJfi  is  readily  diagnosed  by  recognition  of  the  pv^^rpmely  slow  pulse- 
rate.     Acceleration  of  the  pulse  precedes  recovery  from  the  coma. 

Ursemic  Coma  is  not  uncommon,  occurring  as  it  does  in  patients 
who  are  the  subjects  of  nephritis,  acute  or  chronic.  The  coma  is 
usually"  preceded  by  ursemic  headaches,  vomiting,  and  caauibiiiilts, 
local  or  general.  A  history  of  previous  renal  disease  is  here  ol  great 
value,  and  there  may  be  obvious  signs  of  renni  Hrnpsy  about  the  facft 
and  legs.  Respiration  is  frequently  nf  fl^o  Plininp-Ktokfs  type.,  The 
^breathoften  has  a  urinous  odour,  and  a  fjj|]»pf«^r  s^jwuini.Mi  r)f  nrine  wjll 
Show  albumin  together  with  various  kinds  of  cjists.  and,  in  ff-outp 
nephritis,  blood.  But  we  must  not  forget  that  ^  patient  with  rhro|pV 
renal  disease,  a  high-tension  pnlsp  anrl  a  •h^'portropliipd  heart,  is  g. 
speciallv  likely  candidate  for  rerehml  TiAPmorrTitipp  _  Therefore  in  a 
case  of  coma,  mere  albuminuria  should  not  lead  us  to  diagnose  ursemic 
coma.     We  must  always  be  on  the  look-out  for  symptoms  of  unilateral 

Diabetic  Coma  is  easy  to  recognise,  if  we  know  that  the  patient 
has  been  suffering  from  diabetes.      Even  if  there  be  no  history  of 
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diabetes,  examination  of  the  urine  shows  the  eharact^sristie  high  specific 
gravity,  together  with  the  presence  of  sugar  in  large  amount  as  shown 
by  the  ordinary  tests. ^  The  addition  of  a  fpiw  drops  of  liq.  ferri  per-  , 
chloridi  to  the  urine  produces  a  deep  brownish-red  colour,  due  to  di-  ' 
acetic  acid.  The  ' '  acetone  "  smell  of  the  breath  is  unmistakable  and^ 
occurs  only  in  diabetes,  in  the  rare  conditj^fn  "^  "  (ia\-^ya,^  jw»;g/^,^i,,g 
bv  ana'sthetics."  -  and  in  the  "cyclical  or  periodic  vomitii^g "_-yitJi- 
acetonuria  seen  in  children,^  both  of  which  latter  conditions  are  associ- 
ated with  acute  fatty  changes  in  the  liver.  Further,  diabetic  coma  is 
not  sudden  in  onset,  but  is  commonlv  preceded  by  abdominal  pain,  i^W- 
hiintrpr^  and  uncontrollable  drowsiness,  merging  into  profound  coma 
with  remarkr-bly  deep  breathing.  The^pulse  is  usually  small  and  rapid, 
jmlike  the  full,  slow  pulse  pf  cprpbral  Tiflpmnffh'^g'^^  Eyeball  tension 
js  usually  lowered  to  a  remarkable  degree.  Rise  of  temperature,  which 
Ls  so  common  in  cerebral  hapmorrhflgrp  Aop-v  nnf.  nnnnr  \n  diaVtit:. 
coma. 

Sunstroke  sometimes  causes  coma.    Here,  of  course,  for  diagnosis 
it  is  essential  that  there  should  be  a  history  of  exposure  to  a  hot  sun^f 
a  ])reviously  healthy  patient.     Cerebral  malaria  must  alwRV"  ^"^  '^t 
eluded  {ride  infra).     Alcoholic  patients  are  more  liable  to  sunstroke 
than  teetotallers.    A  patient  who  is  comatose  from  sunstroke  often  has 


extraordinary  hyper-pyrexia— 108°  ]^.  and  upwards.  General  convul- 
sions may  occur.  The  cerebrnTspinal  fluidln  such  cases  often  show^ 
evidences  of  acute  meningeal  reaction,  in  the  form  of  a  pnlynnclPi^r 
pleocytosis.  passing  on  subsequently  to  lymphocytosis.^ 

In  patients  from  malarial  climates  we  must  also  be  prepared  to  meet 
with  a  comatose  variety  of  malignant  tertian  malaria.  ^  in  which  the 
parasites  produce  thrombosis  of  the  smaller  cortical  vessels.^  A  malari- 
ous patient  mav  rapidly  become  comatose  with  hyper-pyrexia^  and  may 
die_jath'"  ?i  f'^^^  limira  In  such  cases  the  malarious  history  and  the 
examination  of  the  blood  for  the  Plasmodium  w^ill  settle  the  diagnosis. 
It  should  be  remembered  that  cerebral  malaria  may  develop  not  only 
in  tropical  or  sub-tropical  countries,  but  may  supervene  after  the  patient 
has  returned  to  a  colder  climate. 

A  patient  dving  from  cancer  mav  become  comatose  shortly  before 
death^he  so-called  noma  carninomatosum.  a  condition  similar  tn 
diabetic  coma  and  associated  with  thf^  appparancp  of  /j-oxvbutvric 
acid  and  flcpfmip  in  thft  \irin^. _____ 

^  (Tlv^fosiiria  hy  itself,  however,  is  not  conclusive  evidence  that  a  case  of  coma  is 
diabetic  in  origin,  since  sugar  mav  ai)i>ear  temporarily  in  the  urine  as  the  result  nt  « 
cerebral  lesion  te.ii.  haiuiorrham-)  or  {\ftrr  nii  opilr-])tio  fit._  Glycosuria  mav  also  occur 
as  a  terminal  phenomenon  in  tuberculous  meningitis,  generally  within  the  last  forty. 
eltrht  hours  before  death.  ~ 

-  (uithrie,  ClinUnl  Journal,  June  12,  1907. 

3  Laagmead,  British  Medical  Journal,  1905,  i>.  350. 
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We  need  not  do  more  than  mention  the  terminal  com;^  f>f  snyh 
diseases  as  acute  yellow  atrophy  and  rheumatic  hvper-pyrexia,  or  the 
"  coma- vigil  "  of  typhus  and  orsevere  enteric  fever. 

Hysterical  Trance,  by  a  careless  observer,  might  be  mistaken  for 
true  coma.  The  hysterical  patient,  however,  has  neither  stertor  nor 
^^yanosis,  the  breathing  and  heart's  action  are  regular,  though  perhaps 
Y^ry  f«-'"t,  the  pupils  react  to  light,  and  the  patient  generally  resists 
forcible  opening  of  th^  ftyes. 

-Thus  a  young  man  of  twenty-two  who  had  sudden  attacks  of  apparent 
jleep  (narcolepsy)  coming  on  in  the  middle  of  meals  or  when  playmg  cards, 
refused  to  be  roused  by  ordinary  stimuli  in  the  form  of  shaking  or  shouting, 
but  yielded  at  last  to  forcible  digging  in  the  ribs.  He  passed  through  a 
stage  of  "  grande  hysteric  "  before  waking  up,  and  for  some  time  after- 
wards had  hysterical  blindness  and  presented  other  hysterical  phenomena. 

Cases  of  J^atatonic  stnpor  or  trance  constitute  a  fairly  common  variety 
l^f  A|Y^r.npiirnsis  A  young  soldier,  often  of  neuropathic  diathesis, 
who  has  had  some  violent  shock,  whether  physical,  from  the  stunning 
effect  of  a  shell-explosion,  or  mental,  from  the  emotion  produced  by  the 
horrors  of  the  battle-field,  is  found  to  be  in  a  condition  of  trance.  If 
placed  in  bed  he  lies  there,  apathetic  and  silent^  paving  no  attention  to 
his  surroundings.  _  He  does  not  ask  for  food,  but  if  it  is  placed  in  his 
mouth,  he  swallows  it.  There  is  (Tften  rigidity  of  the  proximal  muscles 
of  the  iunbs  on  passive  movement.  _  He  tflay  bft  completely  mute  or 
he  may  repeat  the  same  word,  or  some  unintelligible  sound,  over  and" 
over  again,  or  makes  spontaneous  rhythmic  movements  of  the  limbs, 
face  or  trunk.  If  placed  on  his  feet,  he  remains  standing,  making  no 
effort  either  to  walk  or  to  get  into  bed  agaiii^  Sometimes  after  a  few 
minutes  his  legs  give  way  and  he  collapses  on  the  floor;  but,  without 
hurting  himself.  If  led  forward  by  the  hand  or  gently  pushed  from 
behind,  he  walks  slowly  with  a  feeble,  shuffling  gait,  but  soon  comes  to  a 
standstill.  If  he  meets  with  an  obstacle,  e.g.  a  wall,  he  remains  in 
contact  with  it,  motionless.  This  condition,  which  c^ps^lv  resembles 
the  spontaneous  stupor  of  peace-time  cases  of  dementia  pra;cox, 
may  last  for  a  few  davs  or  for  several  weeks,  clearing  up  gradually  at 
first  and  later  somewhat  suddenly.  The  mutism  often  persists  when 
the  other  phenomena  have  disappeared.  Sometimes  the  power  of 
speech  is  restored  suddenly,  perhaps  after  some  emotional  shock  of  an 
agreeable  nature.  In  other  cases  the  patient  passes  through  a  stage 
of  severe  stammering,  lasting  for  many  weeks. 

The  hypnotic  trance  may  be  regarded  as  an  artificially-induced  form 
of  hysteria,  the  result  of  suggestion  in  a  sensitive  subject. 


CHAPTER  V 


FITS  AND  OTHER  CONVULSIVE  PHENOMENA 

We  are  often  consulted  about  patients  who  are  said  to  have  "  fits," 
but  we  are  seldom  fortunate  enough  to  witness  an  attack.  If  we  do, 
the  diagnosis  presents  little  difficulty.  More  often,  in  making  our 
diagnosis  as  to  the  nature  of  a  fit,  we  have  to  depend  upon  the  descrip- 
tion given  by  the  patient's  friends. 

The  following  is  a  list  of  the  chief  clinical  conditions  in  which  con- 
vulsive phenomena  occur : — 


CEREBRAL 
FITS 


Hysterical 


,  Epileptiform 


CEREBELLAR  FITS. 


(Hysteria  major. 
Catalepsy. 
Hysteria  minor. 
Post-epileptic  hysterical  attacks. 

'  Epilepsy  major  {grand  wwtZ). 
Epilepsy  minor  {petit  mat). 
Post  -  epileptic     automatism  —  "  masked 

epilepsy." 
Toxic    conditions  :  —  Asphyxia,   uraemia, 

puerperal  eclampsia,  alcohol,  absinthe, 

lead,  etc. 
General  paralysis  of  the  insane. 
Psychasthcnia  ("  Affekf-epilepsie  "). 
Orsjanic    brain    lesions  —  Jacksonian 

fits,  etc. 

Infantile  convul8ions|  Q^g^^g^ 
j^  Stokes- Adams  disease. 


In  making  inquiries  about  convulsive  phenomena,  whatever  their 
nature,  it  is  advisable  to  avoid  using  the  word  "  fit,"  especially  if  we 
are  discussing  symptoms  in  the  presence  of  the  patient.  It  is  better 
to  refer  simply  to  "  attacks."  Many  epileptics  are  unaware  of  their 
own  disease,  and  even  when  they  know  its  nature,  they  dislike  hearing 
about  their  "  fits." 

The  first  point  we  should  try  to  determine  is  whether  the  attacks 
are  hysterical  or  epileptiform.  In  reference  to  this  the  age  and  sex  of 
the  patient  are  often  of  importance.     We  do  not  meet  with  hysteria 
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in  infants,  and  rarely  in  children  below  the  age  of  puberty.  Epilepsy 
is  of  equal  frequency  in  both  sexes,  whereas  hysteria  in  civilian  life  is 
twenty  times  commoner  in  females  than  in  males.  Hysterical  attacks 
in  male  patients  are  most  frequent  in  lads  at  about  the  age  of  puberty. 

Scheme  of  Investigation  in  Cases  of  Fits 

Exciting  cause.  Nature  of  warning,  if  any.  Onset,  sudden  or  gradual. 
Scream.  Injuries  during  falling.  Movements,  tonic,  clonic,  purposive. 
Starting-point  of  movements,  and  exact  order  of  spread.  Biting  of  tongue. 
Micturition  or  defaecation.  Colour  of  face,  pale,  flushed,  cyanosed.  Pupils. 
Corneal  reflexes.  Knee-jerks  and  plantar  reflexes  inmiediately  after  attack. 
Duration  of  attack.  After-s}Tnptoms  (coma,  vomiting,  headache,  sleep,  etc.). 

Pursuing  the  foregoing  scheme,  we  should  inquire  whether  there 
was  any  apparent  cause  for  the  attack.    Hysterical  attacks  generally 
follow  some  emotional  disturbance.     Epilepsy  comes  on  without  excit- 
ing cause.    A  warning  or  aura  before  an  attack  of  epilepsy  may  be  of 
the  most  varied  character.    Perhaps  the  commonest  is  the ' '  epigastric 
aura;  or  there  may  be  an  indescribable  feeling  of  terror;  subjective 
auditory  or  visual  phenomena  (visual  aurae  being  most  frequently  red 
in  colour) ;  unilateral  tingling  or  twitching  of  the  face  or  one  of  the 
limbs ;  or  a  "  dreamy  "  mental  state  (sometimes  associated  with  subjec- 
tive sensations  of  smell  or  taste) ;  and  so  on,  according  to  the  particular 
cortical  area  whence  the  epileptic  explosion  happens  to  start.    But 
often  the  epileptic  has  no  aura;  he  falls  suddenly  as  if  struck  down  by 
an  unseen  hand.     If  we  happen  to  be  feeling  the  pulse  of  an  epileptic 
at  the  moment  of  onset  of  a  fit,  it  will  sometimes  be  noticed  that  the 
heart  suddenly  stops  for  a  few  seconds.    Such  cardiac  arrest,  however, 
is  not  invariable.     Hysterical  attacks  usually  come  on  gradually,  and 
are  often  preceded  by  the  hysterical  "  globus  "  or  ball  in  the  throat,  or 
by  feelings  of  palpitation,  excitement,  giddiness,  tingling  in  the  feet,  etc. 
Sometimes  at  the  onset  of  the  attack  the  epileptic,  as  he  falls,  utters 
a  weird  epileptic  cry  or  moan,  which  is  not  repeated.     By  this  time  he  is 
already  unconscious  and  does  not  hear  his  own  cry.     Frequently  he 
injures  himself  in  falling,  especially  by  striking  his  head.     Many 
chronic  epileptics  may  be  recognised  by  the  presence  of  numerous  scars 
on  the  scalp  and  face.    The  hysterical  patient,  on  the  contrary,  seldom 
injures  herself  when  falling.    She  comes  down  carefully,  often  on  a 
sofa  or  easy-chair.    She  not  uncommonly  screams,  and  may  continue 
to  scream  or  shout  throughout  the  attack. 

The  nature  of  the  movements  during  the  attack  is  of  importance. 
In  epilepsy  we  have  the  tonic  stage,  in  which  all  the  voluntary  muscles, 
including  those  of  respiration,  become  suddenly  rigid.     The  patient, 
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therefore,  falls  like  a  log,  and  his  lips  and  face  become  cyanosed,  his 
pupils  dilating  and  becoming  insensitive  to  light.  The  tonic  stage 
passes  into  the  clonic,  in  which  violent  jerking  occurs  in  all  the  volun- 
tary muscles,  at  first  rapid,  and  gradually  becoming  slower  and  of  greater 
range.  The  eyes,  which  during  the  tonic  stage  have  been  drawn  to  one 
side  (the  side  on  which  the  tonic  spasm  was  more  intense),  now  show 
rapid  clonic  jerks  towards  that  side  and  the  mydriasis  ceases.  The 
face  loses  its  cyanotic  hue,  air  re-enters  the  lungs,  and  is  jerked  out  in 
short  puffs  mixed  with  saliva,  forming  a  froth  which  is  not  infrequently 
blood-stained,  since  the  jerking  tongue  may  be  bitten  by  the  clonic 
movements  of  the  jaws.  During  this  stage  the  patient  often  empties 
the  bladder  and  sometimes  the  rectum.  Within  two  or  three  minutes 
from  their  onset  the  movements  gradually  cease,  and  the  patient 
remains  in  a  state  of  coma,  with  stertorous  breathing,  flaccid  limbs,  and 
sometimes  profuse  sweating,  the  eyes  being  now  turned  to  the  side 
opposite  to  that  towards  which  they  originally  deviated,  and  the  pupils 
being  now  contracted.  Then,  after  ten  minutes  or  so,  the  coma  passes 
off,  and  the  patient  may  vomit,  or  may  wake  up,  perhaps  with  a  head- 
ache, or  may  pass  into  a  sound  sleep. 

In  a  hysterical  attack,  on  the  other  hand,  the  patient's  face  is 
natural  in  colour,  never  cyanosed,  though  later  it  may  become  flushed 
from  physical  exertion.  The  voluntary  muscles  are  usually  contracted , 
the  fists  clenched,  the  eyes  tightly  closed,  and  resistant  to  opening, 
but  if  the  eyes  be  forcibly  opened  the  eyeballs  roll  upwards.  Then, 
after  a  stage  of  general  tremor  totally  unlike  the  clonic  stage  of  epilepsy 
the  patient  makes  violent  "  purposive  "  movements,  kicking,  pushing, 
biting,  rolling  about,  banging  her  head  on  the  floor,  beating  her  own 
face,  pulling  her  hair,  etc.  During  this  stage  various  grotesque  postures 
may  be  assumed;  of  these,  the  most  characteristic  is  one  in  which  th(! 
back  is  arched  (opisthotonos)  and  the  patient  rests  on  her  head  and 
heels.  Or  there  may  be  curving  of  the  trunk  laterally  (pleurosthotonos), 
or  forwards  (emprosthotonos),  "crucifixion"  attitude,  etc.  The 
patient  may  talk,  scream,  or  sing  during  the  attack,  which  may  last 
for  many  minutes.  But  throughout  the  attack  the  pupils  generally 
react  to  light,  and  the  corneal  reflex  is  usually  preserved.  The  hysteri- 
cal patient  never  bites  her  tongue,  though  she  may  bite  her  lips  or 
fingers,  or  snap  at  the  fingers  of  bystanders.  She  never  empties  the 
bladder  or  rectum  during  the  attack,  and  after  it  is  over  she  may  or  may 
not  have  any  recollection  of  what  has  happened,  and  is  sometimes  in  a 
semi-dazed  condition.  The  hysterical  patient  is  more  likely  to  recover 
suddenly  after  the  fit  than  the  epileptic;  also  she  is  more  likely  to  "  feel 
better"  after  the  fit  than  in  the  case  of  an  epileptic. 

The  knee-jerks,  during  the  stage  of  flaccid  coma  terminating  a 
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severe  epileptic  fit,  may  be  temporarily  abolished,  but  soon  they  be- 
come  exaggerated,  and,  for  a  few  minutes,  ankle-clonus  may  often  be 
clicited,whilst  the  plantar  reflexes  may  be  extensor  in  type.  In  hysteria 
the  reflexes  are  imaltered. 

Immediately  following  an  epileptic  fit  there  is  often  a  temporary 
lymphocytosis  of  the  blood;  a  phenomenon  which  does  not  occur  in 
hysteria  nor  in  malingering.-' 

If  we  bear  in  mind  the  foregoing  points,  the  diagnosis  between  a 
severe  epileptic  fit  and  an  attack  of ' '  grande  hysierie  "  is  generally  easy. 
li^  Catalepsy  is  easily  recognised  by  the  peculiar  immobility  of  the 
limbs.  It  occurs  in  its  most  intense  degree  in  certain  cases  of  dementia 
praecox,  but  is  also  met  with,  less  severely,  in  hysterical  patients. 
The  patient  during  the  attack,  though  not  unconscious,  is  unable  to 
move  a  muscle,  but  her  limbs  are  plastic  like  those  of  a  lay  figure,  and 
if  placed  passively  in  any  posture,  remain  there. 

There  are  also  many  varieties  of  minor  hysterical  attacks,  easy  of 
recognition,  of  which  the  commonest  consist  merely  in  emotional  out- 
bursts of  uncontrollable  laughing  or  crying,  or  a  feeling  of  a  lump  in  the 
throat — "  globus  hystericus  " — which  causes  the  jjatient  to  swaUow. 

Supposing,  then,  that  we  have  come  to  the  conclusion  that  the 
patient's  attacks  are  hysterical  and  not  epileptiform,  we  should  not 
I  est  content  until  we  have  settled  the  further  point  as  to  whether  the 
hysterical  attack  was  preceded  by  an  attack  of  minor  epilepsy  or  jjetit 
mal. 

Attacks  of  petit  mal  are  often  overlooked.  It  is  well  to  remember 
that  in  true  epilepsy  (whether  major  or  minor)  the  one  essential  phen- 
omenon is  not  convulsions  but  loss  of  consciousness.  In  petit  mal  it 
may  be  the  only  phenomenon,  so  transient,  perhaps,  that  the  patient 
does  not  even  fall;  he  simply  pauses  for  an  instant  during  conversation, 
looks  strange,  and  then  goes  on  with  what  he  was  saying.  Or  he  may 
fall  down  and  get  up  again  iromediately,  a  variety  of  epilepsy  which  is 
often  mistaken  for  syncope,  but  is  distinguished  by  the  suddeimess  of 
onset  and  of  recovery.  If  we  happen  to  observe  a  patient  at  the  moment 
of  his  attack  of  petit  mal,  we  generally  notice  that  the  pupils  dilate  and 
his  face  turns  momentarily  pale,  the  pallor  being  followed  by  flushing. 
It  is  imutnediately  after  such  a  minor  attack  that  some  patients  go  on 
to  a  post-epileptic  hysterical  attack,  and  if  the  initial  epilepsy  be  not 
recognised,  treatment  will  fail. 

Attacks  of  minor  epilepsy  are,  now  and  then,  associated  with  post- 
epileptic automatism,  in  which  the  patient  has  an  attack  of  petit  mal 
which  perhaps  passes  unnoticed;  he  then  proceeds  to  perform  some 
imusual  or  inappropriate  act,  of  which  he  has  no  recollection  after- 

^  bussard,  Sdtwetur  ArchiVjiir  Neuroloyit  utul  Fsychiutrie,  1017.     Ueft.  12. 
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wards.  The  same  eccentricity  is  repeated  on  each  occasion.  Perhaps 
the  commonest  automatic  action  is  that  of  undressing;  or  he  may- 
proceed  to  empty  his  bladder,  as  in  the  oft-quoted  instance  of  the 
judge  who  did  so  in  the  corner  of  his  court  of  justice;  or  he  may  perform 
some  still  more  complicated  action. 

Thus  a  case  of  mine  was  that  of  a  well-known  financier  who  had  several 
attacks  of  loss  of  memory  (amnesia).  During  one  of  these,  lasting  two  and 
a  half  hours,  he  attended  an  important  board-meeting  and  proposed  certain 
resolutions  to  which,  both  before  and  after,  he  was  strongly  opposed.  He 
then  took  a  friend  out  to  lunch  and  returned  to  his  office.  He  finally  woke 
up  and  asked  his  confidential  clerk  where  he  had  been. 

The  medico-legal  significance  of  these  cases  is  of  importance,  since 
sucli  a  patient,  in  a  condition  of  post- epileptic  automatism,  may  commit 
serious  and  complicated  crimes,  of  which  he  has  afterwards  no  recollec- 
tion. This  condition  is  sometimes  called  "  masked  "  or  "  larval" 
epilepsy.  It  is  possible  that  attacks  of  automatism  or  psychic  epilepsy 
may  occasionally  actually  replace  the  ordinary  epileptic  fit  without 
an  antecedent  attack  of  petit  mal,  may  in  fact  be  ' '  epileptic  equi- 
valents." But  the  more  carefully  such  cases  are  observed,  the  oftener 
is  some  indication  found  of  minor  epilepsy  immediately  before  the 
eccentric  action,  in  the  form  perhaps  of  initial  transient  pallor.  This 
was  so  in  the  case  of  the  financier  above  referred  to.  Other  cases  of 
amnesia  accompanied  by  ambulatory  automatism  are  hysterical  in 
nature  (see  later,  p.  386).  A  previous  history  of  epilepsy,  either  major 
or  minor,  is  of  great  diagnostic  value. 

Supposing  that,  having  excluded  hysteria, we  arrive  at  the  conclusion 
that  a  patient's  fits  are  epileptiform,  we  must  still  remember  that 
many  other  conditions  besides  idiopathic  epilepsy  can  produce  epilepti- 
form fits.  Sudden  obstruction  of  the  larynx,  e.g.  by  a  piece  of  meat, 
bolted  in  a  hurry,  becoming  impacted  at  the  top  of  the  larynx,  may  cause 
immediate  unconsciousness  followed  by  a  typical  epileptiform  fit  and 
by  death  unless  the  offending  foreign  body  be  promptly  extracted. 
Similar  asphyxial  fits  sometimes  occur  in  cases  of  attempted  suicide 
by  hanging,  where  the  unconscious  person  is  cut  down  in  time.  Fits 
may  also  be  of  toxic  origin.  Acute  alcoholic  or  absinthe  poisoning  may 
produce  coma  and  convulsions.  The  history  and  the  smell  of  the  breath 
will  usually  guide  us  in  such  cases.  The  sudden  withdrawal  of  alcohol 
from  a  chronic  drunkard  is  sometimes  followed  by  an  epileptiform  fit. 
In  patients  suffering  from  the  convulsions  of  lead  poisoning  there  are 
usually  some  of  the  other  signs  of  plumbism,  such  as  the  blue  line  in 
the  gums,  high  arterial  tension,  weakness  of  the  extensors  of  the  wrist, 
optic  neuritis,  etc.,  whilst  the  cerebro-spinal  fluid  shows  a  lympho- 
cytosis.    Toxins  produced  within  the  body  may  also  cause  fits  exactly 
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similar  to  epilepsy,  witness  the  nrsemic  conynlsions  of  Bright' s  disease 
and  of  puerperal  eclampsia.  In  every  case  of  fits  appearing  in  a  pre- 
viously healthy  individual,  the  urine  should  be  tested  and  the  optic 
discs  examined.  In  cases  of  chronic  renal  disease,  besides  the  cardio- 
vascular changes,  there  not  uncommonly  exists  albuminuric  retinitis, 
which  is  of  great  diagnostic  significance.  When  we  come  to  the  sub- 
ject of  infantile  convulsions  we  shall  find  that  many  of  them  are  toxic 
in  origin. 

Epileptiform  fits  may  occur  during  the  course  of  general  paralysis 
of  the  insane  ;  they  may,  in  fact,  be  the  first  symptom  of  the  disease. 
Epileptic  fits  appearing  for  the  first  time  in  a  middle-aged  patient  should 
always  suggest  the  possibility  of  paralytic  dementia.  In  such  cases  we 
look  for  inequaUty  or  irregularity  of  the  pupils,  and  especially  for  loss 
of  the  light  reflex,  mental  changes,  facial  tremors,  and  slurring  articu- 
lation, and  a  history  of  syphilis  should  be  sought.  Lumbar  puncture 
will  show  lymphocytosis  of  the  cerebro-spinal  fluid,  a  condition  which 
is  constant  in  general  paralysis,  but  does  not  occur  in  idiopathic 
epilepsy,  except  as  a  transient  phenomenon. 

Epileptiform  or  hystero-epileptiform  fits  may  also  occur  in  psychas- 
thenic individuals,  so-called  "  Affekt-e'pile'pde  "  of  Bratz.  Such  patients 
have  stigmata  of  psychasthenia  in  the  form  of  phobias,  tics,  obsessions, 
etc.  (see  p.  364).  Epileptiform  fits  in  psychasthenia,  unlike  true  epi- 
lepsy, occur  only  after  some  direct  exciting  cause,  such  as  physical  or 
mental  over- exertion  or  excitement,  and  may  perhaps  be  due  to 
vasomotor  disturbance  in  the  brain.  The  attacks,  as  a  rule,  are  few 
in  number  and  may  be  limited  to  a  single  one. 

Intra-cranial  tumours  anywhere,  even  deep  within  the  substance 
of  the  brain,  may  cause  general  epileptiform  fits,  from  increased  intra- 
cranial pressure.  Here  we  are  usually  guided  by  the  cardinal  signs  of 
intra-cranial  tumour — headache,  vomiting,  optic  neuritis,  etc. 

All  the  epileptiform  fits  to  which  we  have  as  yet  alluded  have  a 
bilateral  general  distribution,  and  are  not  succeeded  by  any  localised 
paralysis.  But  when  fits  are  produced  by  gross  focal  irritation  of  the 
cortex  their  onset  is  a  local  one,  and  they  are  not  necessarily  associated 
with  loss  of  consciousness.  Such  "  Jacksonian  fits "  are  usually 
followed  by  weakness  of  the  part  which  is  primarily  convulsed.  Jack- 
sonian fits  may  occur  as  often  as  fifty  or  a  hundred  times  a  day.  They 
usually  begin  with  a  subjective  sensory  aura,  such  as  tingling,  numb- 
ness or  twitching,  localised  in  some  particular  part  e.g.  the  thumb  or 
big  toe.  Then  there  is  tonic  spasm  of  that  part,  followed  by  clonic 
jerking.  This  may  remain  confined  to  the  muscles  where  it  began,  or 
it  may  spread  to  others.  If  it  spreads,  it  does  so  by  a  deliberate  march 
from  one  cortical  centre  to  another  (Fig.  3,  p.  4).    Thus  a  fit  commencing 
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in  the  big  toe  will  occur  successively  in  the  ankle,  knee,  hip,  shoulder, 
elbow,  hand,  etc.,  and  affects  the  face  last  of  all.  Or  a  fit  begin- 
ning in  the  elbow  will  spread  via  the  shoulder,  hip  and  knee,  to  tho 
toes,  and  simultaneously  vid  the  wrist,  fingers  and  neck,  to  the  face  and 
tongue,  as  the  ripples  produced  by  dropping  a  stone  into  a  pool  spread 
in  ever -widening  circles.  A  patient  who  has  Jacksonian  fits  may 
remain  conscious  throughout  the  fit  and  may  even  be  able  to  speak, 
though  he  is  usually  somewhat  confused  and  excited.  But  if  tho 
convulsion  spreads  to  the  opposite  cortical  area,  thus  becoming  bi- 
lateral, consciousness  is  lost  as  the  fit  crosses  over.  Jacksonian  fits 
are  followed  by  local  weakness  and  increased  deep  reflexes  in  the  con- 
vulsed part. 


Fig.  3S.  Fig-  38a. 

Cortical  gumma  of  the  face-centre  oi  the  right  cerebral  cortex. 
FiR.  38  shows  patient  during  a  Jacksonian  fit  of  the  left  face. 
Fig.  38a  shows  weakness  of  the  left  face  on  voluntary  movement. 

Fig.  38  shows  a  patient  during  a  localised  fit  of  the  left  face,  due  to  a 
gumma  in  the  cortical  facial  centre.  Fig.  38a  shows  the  maximum  volun- 
tary movement  of  his  face  after  the  attack.  It  will  be  seen  that  the  left 
lower  face  is  markedly  weaker  than  the  right. 

The  localised  paralysis  passes  off  in  the  reverse  order  from  that 
in  which  the  spasm  appeared,  the  muscles  first  convulsed  being  the 
last  to  recover  power. 

Of  course,  cortical  lesions  will  produce  localised  motor  pheno- 
mena only  if  they  affect  the  motor  centres  in  the  region  of  the  pre- 
central  g}TUS.  A  focal  lesion  of  a  sensory  cortical  area  produces, 
not  a  motor,  but  a  sensory  fit.  Thus  a  post-central  cortical  lesion 
will  cause  tingling  in  the  contra-lateral  side,  localised  to  the  leg,  to 
the  brachio-facial  region,  or  to  the  glosso-labial  region,  according  as 
the  upper,  middle,  or  lower  third  of  the  post-central  gyrus  is  affected. 
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Disease  of  the  tip  of  the  temporal  lobe  (Fig.  4,  p.  5)  causes  a  sudden 
subjective  sensation  of  smell  or  taste  (often  associated  with  a  charac- 
teristic "dreamy"  mental  state);  a  lesion  in  the  occipital  cortex 
causes  subjective  visual  hallucinations,  such  as  flashes  of  light  in  the 
contra-lateral  half  of  the  visual  fields;  and  so  on.  Moreover,  after 
a  sensory  fit  it  is  not  uncommon  to  find  temporary  sensory  paralysis, 
e.g.  localised  parsesthesia  after  a  post-central  fit,  anosmia  after  a 
temporal  fit,  or  hemianopia  after  an  occipital  fit. 

A  Jacksonian  fit,  of  whatever  variety,  is  the  result  of  a  local  lesion 
in  the  neighbourhood  either  of  the  cortex  or  of  its  superjacent  meninges 
or  bones.  If  the  lesion  be  in  the  substance  of  the  cortex,  not  merely 
superficial  to  it,  there  is  often  some  local  paralysis  even  before  the  fit 
occurs. 

Localised  fits  may  be  produced  by  any  irritative  cortical  lesion. 
The  commonest  causes  are  tumours,  syphilitic  or  otherwise,  abscesses, 
meningitis  of  any  variety,  local  haemorrhages,  depressed  fractures, 
scars  of  old  cranial  wounds  in  war,  and  so  on.  Localised  fits  may 
also  be  produced  by  sub-cortical  tumours  in  the  pre -central  region. 
In  such  cases  we  observe  muscular  paresis  in  the  affected  limb,  together 
with  recurring  convulsive  phenomena  in  the  limb;  but  the  point  of 
onset  of  the  successive  fits  is  less  constant  than  in  a  true  cortical 
convulsion,  and  the  fit  begins  sometimes  in  one,  sometimes  in  another 
muscle -group  of  the  affected  limb.^  We  should  also  bear  in  mind 
that  Jacksonian  fits  may  occur  in  certain  cases  of  general  paralysis 
of  the  insane,  and  sometimes  even  in  uraemia. 

Infantile  Convulsions  are  epileptiform  attacks  occurring  in  infancy. 
The  symptoms  are  similar  to  those  of  true  epilepsy,  but  less  violent. 
When  called  to  see  a  child  with  convulsions,  we  should  first  examine 
for  rickets,  since  rickety  and  hereditarily  neurotic  children  are  especi- 
ally prone  to  convulsions.  We  should  also  try  to  determine  whether 
the  fits  are  reflex,  toxic,  or  organic  in  origin. 

In  rickety  infants  of  neurotic  inheritance  reflex  cmitvlsions  may  be 
set  up  by  peripheral  irritation  such  as  the  cutting  of  a  tooth,  round- 
worms in  the  intestine  (thread-worms  do  not  cause  con\'ulsions),  a 
tight  prepuce,  etc.  Moreover,  rickety  children  often  have  other 
evidences  of  spasmophilia,  such  as  tetany,  laryngismur,  stridulus,  and 
the  well-known  inversion  of  the  thumbs  towards  the  palms,  a  pheno- 
menon which  sametimes  precedes  a  convulsion. 

Toxic  conditions  may  produce  convulsions  in  previously  healthy 
children.  Thus  any  acute  fever  such  as  pneumonia,  measles,  scarlet 
fever  or  influenza,  may  be  ushered  in  by  a  convulsion  instead  of  by 
a  rigor  as  in  the  adult.     The  convulsions  produced  by  round-worms 

■  CJ.  van  Valkenburg,  N eurdogisches  CentralblaU,  1S06,  p.  594. 
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may  be  partly  toxic  in  origin.  Ursemic  convulsions  occur  in  children, 
though  less  often  than  in  adults,  and  in  cases  with  recurring  convulsions 
the  urine  should  always  be  examined.  Asphyxial  convulsions,  due  to 
deficient  oxygenation  of  the  brain,  occur  in  dyspnoea  from  any  cause, 
e.g.  during  pneumonia  and  diphtheria,  during  a  paroxysm  of  whooping- 
cough,  or  in  the  cyanosis  of  congenital  heart  disease. 

Intra-cranial  organic  lesions  may  cause  infantile  convulsions. 
Thus,  for  example,  polio-encephalitis  superior,  an  acute  inflammatory 
affection  of  the  cortex  cerebri  (or  cerebelli),  has  a  febrile  onset  %vith 
vomiting  and  convulsions,  usually  more  marked  on  one  side  than  on 
the  other.  Its  virus  is  probably  identical  with  that  of  acute  anterior 
poliomyelitis.  After  the  convulsions  have  passed  off,  the  child  is 
often  left  permanently  hemiplegic,  diplegic,  or  ataxic.  If  the  cortex 
of  the  frontal  region  is  affected,  permanent  mental  dulness  may 
remain.  The  nuclei  of  various  motor  cranial  nerves  may  also  be 
affected  (polio-encephalitis  inferior),  producing  squint,  facial,  palatal, 
or  glossal  palsy.  If  there  is  a  coexistent  meningeal  inflammation  it 
will  be  evidenced  by  a  lymphocytosis  of  the  cerebro-spinal  fluid.  It 
is  sometimes  difficult  to  distinguish  the  disease  from  tuberculous 
meningitis.  In  polio-encephalitis,  however,  the  coma  is  usually  less 
profound  and  the  disease  is  much  less  fatal.  Moreover,  the  cerebro- 
spinal fluid,  although  showing  a  lymphocytosis,  does  not  contain 
tubercle  bacilli. 

Local  disease  or  injury  of  the  bones  or  membranes  may  produce 
infantile  convulsions.  Convulsions  appearing  within  a  few  hours  after 
birth  are  not  infrequently  the  result  of  compression  of  the  brain  by 
a  meningeal  haemorrhage  of  venous  origin  from  laceration  of  cortical 
veins.  In  such  cases  the  diagnosis  may  be  confirmed  by  examining 
the  cerebro-spinal  fluid,  which  is  blood-stained. 

Meningitis,  whether  due  to  the  tubercle  bacillus,  to  sj'philis,  or 
to  other  organisms,  may  produce  convulsions,  not  only  when  cortical, 
in  which  case  convulsions  appear  early,  but  also  in  basal  cases,  where 
the  fits  are  due  to  increased  intra-cranial  pressure. 

Epileptiform  fits  also  occur  in  one  variety  of  the  Stokes-Adams 
syndrome.  This  condition  occurs  after  middle  life,  usually  in  male 
patients  with  degenerate  arteries.  It  is  characterised  by  paroxysmal 
attacks  of  abnormal  slowness  of  the  ventricular  beat,  the  rate  sinking 
as  low  as  twenty  per  minute  or  even  less,  together  with  excessive 
pulsation  in  the  veins  at  the  root  of  the  neck,  much  more  rapid  than 
the  ventricular  beats,  and  corresponding  with  the  auricular  contrac- 
tions. Such  a  patient  is  liable  to  syncopal  attacks,  to  which  may  be 
superadded  epileptiform  fits  or  attacks  of  coma  without  convulsions. 
Fits  do  not  occur  unless  the  heart-block  is  complete,  when  the  ventricle 


74  .  NERVOUS  DISEASES 

no  longer  responds  to  auricular  stimulation,  but  assumes  a  new  rhvi  hm 
of  its  own.  More  or  less  slowness  of  pulse  usually  persists  between 
the  paroxysms,  as  a  permanent  phenomenon.  The  condition  is  due 
to  disease,  syphilitic  or  otherwise,  of  the  auriculo-ventricular  muscle- 
bundle,^  which  arises  in  the  right  auricle,  traverses  the  inter-ventri- 
cular septum  and  is  distributed  to  both  ventricles.  When  this  bridge 
is  diseased,  the  normal  stinuilus  from  auricle  to  ventricle  is  delayed 
or  may  even  be  completely  blocked.  This  is  known  as  heart-block, 
in  which  the  auricles  go  on  contracting  normally,  but  the  ventricle 
only  responds  to  every  second  or  every  third  stimulus.  There  is 
thus  a  dissociation  between  auricular  and  ventricular  rhythm.^ 

Strychnine  Convulsions  should  never  be  confounded  with  epilepti- 
form fits,  since  they  begin  with  clonic  spasms,  and  shortly  become 
tonic  with  opisthotonos,  the  tonic  spasms  recurring  again  and  again 
w4th  increasing  severity.  A  patient  poisoned  by  strychnine  is  not 
unconscious.  Moreover,  there  are  periods  of  intermission,  lasting 
for  several  minutes  at  a  time,  during  which  the  muscles  are  relaxed. 

The  tonic  spasms  of  tetanus  might  be  mistaken  for  strychnine 
poisoning,  but  they  have  no  initial  clonic  stage.  The  classic  symptom 
of  tetanus  is  the  well-known  tonic  spasm  of  the  jaw  muscles,  producing 
"lock-jaw"  or  trismus.  To  this  are  superadded  paroxysms  of 
tonic  spasm  in  the  face  {risus  sardonicns),  trunk  and  limbs,  with 
opisthotonos,  somewhat  like  those  of  the  tonic  stage  of  strychnine 
poisoning.  Between  the  tetanic  paroxysms  there  is  no  complete  muscu- 
lar relaxation  as  in  strychnine  poisoning,  but  simply  a  remission  of  the 
degree  of  spasm,  the  jaw  muscles  remaining  partially  contracted. 

A  patient  suffering  from  rabies  (or  lyssa),  following  the  bite  of  an 
infected  dog,  exhibits  great  mental  excitement,  often  amounting  to 
acute  delirious  mania,  with  tonic  spasm  of  the  muscles  of  deglutition, 
especially  on  attempting  to  swallow  liquids  (hence  the  misnomer 
hydrophobia).  Unswallowed  saliva  may  ooze  from  the  mouth.  The 
spasm  may  also  be  induced  by  other  stimuli  such  as  a  bright  light 
or  a  loud  sound.  The  spasm  spreads  to  other  muscles,  especially 
those  of  respiration,  and  severe  opisthotonos  may  supervene  at  the 
end,  the  patient  dying  within  a  few  days  either  of  respiratory  spasm 
or  from  syncope.  Hydrophobia  may  be  simulated  by  hysterical 
patients  who  have  been  bitten  by  a  non-rabid  dog.  In  such  cases 
globus  hystericus  and  hysterical  opisthotonos  may  both  be  present, 
but  true  respiratory  spasm  does  not  occur  in  hysterical  attacks,  though 
there  may  be  hysterical  rapidity  of  breathing. 

During  an  attack  of  tetany  the  posture  is  highly  characteristic. 

1  Kent,  Journal  of  Physiology,  1893,  vol.  xiv.,  p.  233. 
•'  Mackenzie,  Diseases  of  the  IJeart,  1908,  p.  169. 
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There  is  a  paroxysmal  bilateral  tonic  spasm,  usually  painful,  of  the 
hands  and  feet,  the  hand  assuming  a  conical  shape  ("  main  cTaccou- 
cheiir"),  the  fingers  being  extended  at  the  inter-phalangeal  joints, 
slightly  flexed  at  the  metacarpo-phalangeal  joints  and  pressed  together 
with  the  thumb  usually  tucked  inside  the  fingers ;  at  the  same  time 
the  muscles  of  the  thenar  and  hypothenar  eminences  are  contracted, 
so  that  the  hollow  of  the  palm  is  deepened.  In  the  feet,  the  toes 
are  flexed  towards  the  sole,  the  ankle  is  dorsiflexed  and  the  foot  is 
sometimes  inverted.     These  postures  may  persist  during  sleep.     Pres- 


FiG.  39.— Tetany. 


sure  on  the  nerve-trunks  of  the  affected  limb  induces  a  typical  spasm 
(Trousseau's  sign),  and  the  muscles  and  nerves  are  unduly  irritable 
both  to  faradism  and  to  galvanism  (Erb's  sign). 

Tetany  is  most  commonly  met  with  in  rickety  children  (Fig.  39) 
with  deficiency  of  calcium  salts,  in  whom  it  is  often  associated  with 
other  evidences  of  "spasmophilia"  such  as  laryngismus  stridulus 
and  excessive  irritability  on  percussion  of  the  facial  nerve  (Chvostek  s 
facial  phenomenon).  But  it  occasionally  occurs  in  adults,  e.g.  after 
extirpation  of  the  thyroid  gland,  or  rather  of  the  parathyroids,  whose 
internal  secretion  plays  an  important  part  in  maintaining  a  sufficiency 
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of  calcium  salts  in  the  tissues  and  in  controlling  the  production  of 
guanidin  (guanidin  being  a  constituent  of  the  creatin  of  muscle, 
possibly  derived  from  creatin  by  a  process  of  metabolism).  Tetany  is, 
therefore,  a  symptom  of  parathyroid  deficiency,  whether  arising  from 
disease  or  from  artificial  removal  of  the  glands.  Tetany  also  occurs 
sometimes  during  pregnancy  or  lactation,  and  as  a  grave  terminal 
symptom  in  dilatation  of  the  stomach.  This  latter  variety  of 
tetany  is  probably  toxic  in  origin:  so  also  are  the  rare  cases  of  tetany 
associated  with  congenital  dilatation  of  the  large  intestine  in  children.^ 
Cataract  is  a  curiously  frequent  concomitant  of  the  gastric  form  of 

tetany.  An  endemic  form  of  tetany 
also  occurs  in  certain  Continental 
towns,  chiefly  in  the  winter  months. 
It  is  especially  common  amongst  shoe- 
makers. Chronic  poisoning  by  ergot- 
infected  grain  may  produce  an  epidemic 
form  of  tetany.  With  the  removal  of 
the  poison  the  symptoms  promptly 
subside. 

Cerebellar  Fits. — Irritative  lesions 
of  the  sub-cortical  intracerebellar 
nuclei  are  occanionally  associated  with 
cerebellar  fits.  These  are  never  clonic, 
but  consist  of  tonic  spasms,  sudden  in 
onset.  In  unilateral  cerebellar  disease 
the  spasms  are  more  marked  in  the  ipso- 
lateral  limbs  than  in  those  of  the  opposite  side.  The  face  is  usually 
unaffected.  The  ipso-lateral  limbs  become  rigidly  adducted  to  the 
trunk,  the  contra-lateral  limbs  are  abducted,  whilst  at  the  same  time 
there  is  a  screw-like  rotation  of  the  limbs,  trunk  and  head  around 
their  own  long  axes,  from  the  side  of  the  lesion  towards  the  healthy 
side,  ^  and  a  deviation  of  the  eyes  towards  the  healthy  side.  Hughlings 
Jackson  has  described  another  variety  of  cerebellar  fit  occurring  in 
cases  of  tumour  of  the  middle  lobe.  Here  also,  as  in  tumours  of  the 
lateral  lobe,  the  fits  are  tonic,  not  clonic.  They  consist  of  head- 
retraction  with  arching  of  the  back,  flexion  of  the  elbows,  supination 
of  the  hands,  and  rigid  extension  of  the  legs,  with  pointing  of  the  toes. 
But  let  us  not  forget  that  epileptiform  fits  of  cerebral  type  may 
also  occur  in  cases  of  cerebellar  tumour,  due  either  to  the  general 
increase  of  intra-cranial  pressure,  or  to  a  fulminating  meningitis 
superadded  to  an  old  tuberculous  tumour. 

'  Langmead,  Lancet,  Jan.  19,  1U07. 

2  Grainger  Stewart  and  Holmes,  Brain,  lfl04. 


Fig.  40. — Chvostek'ssign  of  tetany 
on  percussion  over  the  right 
facial  nerve. 


CHAPTER  VI 

INVOLUNTARY  MOVExMENTS 

Besides  fits,  which  we  have  already  considered,  there  are  many 
other  conditions  in  which  involuntary  contractions  occur  in  the 
voluntary  muscles.  But  our  knowledge  of  the  mechanism  of  their 
causation  is  so  incomplete  that  it  is  impossible  at  present  to  classify 
them  accurately.  We  must  therefore  content  ourselves,  in  the  mean- 
while, with  referring  to  some  of  their  chief  clinical  varieties. 

In  studying  involuntary  movements  occurring  in  striated  muscles, 
it  is  important  to  notice  whether  the  movement  is  confined  to  an 
individual  muscle  or  part  of  a  muscle,  or  whether,  on  the  other  hand, 
it  consists  in  alternate  contraction  of  muscles  and  of  their  antagonists. 
We  should  also  observe  whether  the  abnormal  muscular  contractions 
produce  movements  of  a  joint,  or  whether  they  are  so  localised,  either 
to  a  small  muscle  or  to  part  of  a  larger  one,  that  we  merely  see  or  feel 
the  muscle  fibres  contracting  beneath  the  skin. 

The  muscular  phenomenon  known  as  shivering  or  rigor  is  some- 
times physiological.  For  example,  when  a  healthy  person  becomes 
chilled,  as  by  prolonged  swimming,  he  shivers  on  coming  out 
of  the  water.  The  involuntary  muscular  contractions  of  which 
shivering  consists  are  for  the  purpose  of  producing  heat  and  thereby 
raising  the  depressed  body-temperature.  But  often  rigors  are  toxic 
in  origin,  as  are  those  occurring  at  the  onset  of  certain  acute  fevers. 
Thus  we  have  rigors  in  pneumonia,  malaria,  influenza,  scarlet  fever,  etc. 
And  the  rigor  which  sometimes  follows  catheterisation  is  probably 
also  toxic  in  origin,  since  it  rarely  occurs  except  when  there  is  a  raw 
surface  in  a  urinary  tract  which  is  not  aseptic.  In  all  these  toxic 
rigors,  although  the  shivering  patient  has  a  sensation  of  cold,  his 
temperature  meanwhile  is  rising,  and  it  continues  to  rise  until  the 
rigor  stops.  He  has  the  sensation  of  cold  because  by  vasomotor 
action  the  blood  is  driven  out  of  his  skin,  which  is  therefore  cooled 
and  is  actually  cold,  although  the  temperature  of  the  blood  is  raised. 

Transient  flickering  or  quivering  of  a  muscle,  a  condition  known 
as  myokymia  (or  more  popularly  as  "live  flesh"),  affecting  a  few 
muscle-bundles  of  a  single  muscle,  without  producing  movement  of 
a  joint,  is  not  uncommon  in  people  who  are  anaemic,  neurasthenic" 
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or  out  of  health.  It  is  specially  common  in  the  orbicularis  oculi  and 
in  some  of  the  larger  muscles  of  the  limbs,  e.g.  the  deltoid  and  biceps 
in  the  upper  limb,  the  glutei  and  quadriceps  in  the  lower.  This 
variety  of  myokymia  is  not  associated  with  muscular  atrophy,  nor 
with  any  alteration  of  electrical  excitability.  It  is  unaffected  by  rest 
or  by  voluntary  exertion,  and  has  no  serious  significance. 

Sometimes,  however,  fibrillary  movement  occurs  in  organic  lesions 
of  the  lower  motor  neurone.  Thus  in  the  muscular  atrophy  of  chronic 
anterior  poliomyelitis,  of  omyotrophic  lateral  sclerosis,  and  of  some  cases 
of  syringomyelia,  diseases  in  which  the  cells  of  the  anterior  cornua 
are  undergoing  slow  degeneration,  there  may  be  seen  fibrillary  or 
fascicular  tremors  in  the  wasting  muscles.  This  quivering  myokymia 
can  often  be  elicited  by  gentle  flicking,  or  by  a  breath  of  cold  air 
blown  over  the  skin.  A  precisely  similar  fibrillary  tremor  occurs  in 
the  wasting  tongue  of  bulbar  paralysis,  when  the  degenerative  process 
has  involved  the  hypoglossal  nuclei.  Fibrillary  tremor  does  not  occur 
in  the  primary  myopathies,  whether  atrophic  or  pseudo-hypertrophic 
in  type.  In  other  cases  fibrillary  tremor  occurs  in  the  distribution 
of  a  motor  nerve  which  has  begun  to  recover  from  previous  paralysis. 
It  is  not  uncommon  in  the  face  during  convalescence  from  facial 
palsy,  and  sometimes  it  persists  for  months  and  years  after  voluntary 
power  has  returned,  as  in  the  case  of  a  professional  friend  of  my  own 
who  is  otherwise  perfectly  well.  More  usually  the  myokymia  passes 
off  when  motor  power  has  been  restored. 

Somewhat  different  in  appearance  is  the  condition  known  as 
myoclonus,  a  rare  disease,  characterised  by  paroxysms  of  sudden 
shock-like  contractions  in  various  muscles,  lasting  for  several  minutes 
at  a  time,  irregular  in  rhythm  and  varying  in  rapidity  from  ten  to 
fifty  per  minute.  In  slight  cases  the  twitches  may  be  insufficient 
to  produce  movements  in  the  affected  parts.  The  muscles  affected 
are  usually  those  of  the  limbs,  especially  the  lower  limbs,  often  sym- 
metrically on  the  two  sides,  but  contractions  may  also  occur  in  the 
trunk  and  even  in  the  face.  Sometimes  the  diaphragm  and  the  larynx 
are  affected,  so  that  curious  grunting  respiratory  sounds  are  produced. 
There  is  no  muscular  atrophy  or  alteration  in  electrical  excitability. 
The  spasms  cease  during  sleep.  Several  varieties  of  myoclonus  have 
been  observed.  In  one — Friedreich's  paramyoclonus  multiplex,  usually 
a  disease  of  adult  life — the  myoclonus  ceases  on  voluntary  movement. 
Another  variety  is  Unverricht's  Jamily  myodonus  or  myoclonus  epi- 
lepticus,  in  which  several  members  of  a  family  are  affected,  all  belong- 
ing to  the  same  generation,  though  the  disease  is  not  handed  down 
from  parent  to  child.  In  addition  to  the  myoclonus,  these  patients 
have  epileptiform  fits,  and  they  tend  ultimately  to  become  more  or 
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less  de.nented.  Moreover,  the  muscular  contractions  in  family 
myoclonus  are  intensified  by  voluntary  movement  and  by  psychical 
excitement.  Family  myoclonus  usually  manifests  itself  in  early  life, 
often  at  or  before  puberty.  Thus  in  a  little  boy  of  thirteen  suffering 
from  myoclonus  affecting  the  muscles  of  the  neck,  shoulders,  trunk, 
thighs  and  cremasters  (see  Fig.  41),  the  condition  had  existed  since 
the  age  of  four,  and  he  had  also  epileptiform  fits.     Two  elder  brothers 


FiJ.  41. — -Unverricht's  family  myoclonus  or  "myoclonus  epilepticus"  in  a  boy  aged 
13.  Besides  the  muscles  indicated  by  shading  in  the  diagram,  the  soft  palate 
was  also  affected. 


were  similarly  affected,  both  of  whom,  as  the  patient  graphically 
put  it,  began  to  "  click"  at  the  age  of  seven.  On  the  other  hand, 
another  patient  suffering  from  Friedreich's  paramyoclonus  showed 
no  symptoms  of  the  disease  till  the  age  of  forty-seven.  He  never 
had  fits,  and  at  the  age  of  fifty,  when  he  came  under  observation, 
he  had  myoclonic  shocks  limited  to  the  muscles  indicated  in  the 
accompanying  diagram  (Fig.  42).     Another  variety  is  the  nystag?nus- 
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myoclonus  of  Lenoble  and  Aubineau,  to  which  we  shall  refer  later 
(see  p.  131). 

We  next  pass  to  the  consideration  of  tremors.  The  term 
"tremor"  is  applied  to  involuntary  rhythmic  oscillations  of  one  or 
more  parts  of  the  body,  resulting  from  the  alternate  contraction  of 
muscle-groups  and  of  their  antagonists.  A  sirrifle  tremor  is  one  which 
affects  a  single  muscle-group  and  its  antagonists,  whilst  in  a  com- 


FiG.  42, — Friedreich's  paramyoclonus  multiplex  in  a  a  an  aged  60.     The  affected 
muscles  are  indicated  by  shading. 


'pound  tremor  several  groups  with  their  antagonists  are  in  action, 
producing  a  complex  movement,  e.g.  flexion  and  extension  of  the 
fingers  combined  with  pronation  and  supination  of  the  forearm. 
Tremors  may  be  rapid  or  slow;  they  may  be  diminished  or  increased 
by  voluntary  exertion,  and  they  generally  cease  during  sleep. 

We  must  not  forget  that  an  ordinary  voluntary  muscular  move- 
ment is  not  the  result  of  a  continuous  muscular  contraction,  but  is 
constituted  by  the  fusion  of  a  rapid  succession  of  short  single  con- 
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tractions,  averaging  from  ten  to  twelve  per  second.  In  conditions 
of  temporary /«/i{/we  or  of  more  chronic  neurasthenia  the  rate  of  these 
muscle-discharges  becomes  slower  and  less  regular,  so  that  the  in- 
dividual muscular  contractions  fuse  less  perfectly  and  the  result  is 
a  very  fine  tremor  on  voluntary  movement.  In  emotional  excitement 
— more  often  in  states  of  fear  than  from  pleasurable  emotion — there 
may  be  a  fine  rhythmic  tremor  of  about  eight  or  nine  oscillations 
per  second,  familiar  to  the  knees  of  many  a  public  speaker.  The 
same  occurs  in  exophthalmic  goitre.  This  tremor  is  made  more  ap- 
parent by  voluntary  exertion.  It  is  best  elicited  by  making  the 
patient  hold  his  hands  horizontally  in  front  of  him,  with  the  fingers 
widely  spread.  We  can  then  feel  the  tremor  even  better  than  see 
it,  by  placing  our  own  fingers  lightly  on  the  dorsum  of  the  patient's 
hand.  This  fine  tremor  affects  all  the  limbs,  and  in  many  cases 
can  be  detected  by  simply  placing  one's  hand  on  the  patient's  shoulder. 
Tremidous  respiration,  in  which  the  tremor  is  synchronous  with  that 
of  the  outstretched  hands,  is  also  one  of  the  most  constant  signs  of 
exophthalmic  goitre.     It  is  best  marked  during  full  expiration.^ 

Similar  fine  tremors  also  occur  in  certain  toxic  conditions.  The 
tremor  of  chronic  alcohoUc  poisoning  is  familiar  to  the  lay  observer, 
and  when  an  alcoholic  patient  becomes  delirious  and  maniacal  (usually 
following  a  sudden  enforced  abstinence),  his  tremors  are  so  evident 
that  the  condition  is  termed  "  delirium  tremens."  But  other  poisons 
besides  alcohol  produce  fine  tremors;  for  example,  nicotine  poisoning 
from  excessive  cigarette- smoking,  also  chronic  poisoning  by  lead, 
mercury,  chloral,  cocaine,  tea,  coffee,  tobacco,  etc. 

In  cases  of  suspected  alcoholism  a  valuable  corroborative  sign, 
known  as  Quinquaud's  finger-crepitation,  may  often  be  elicited.  In 
testing  for  this,  we  make  the  patient  extend  the  fingers  at  the  inter- 
phalangeal  joints  and  press  them  at  right  angles  to  the  palm  of  our 
own  hand,  which  we  hold  in  a  vertical  position.  For  the  first  two 
or  three  seconds  nothing  particular  is  noticed,  but  if  the  patient  be 
a  chronic  alcoholic,  we  soon  begin  to  feel  a  series  of  slight  shocks, 
as  if  the  phalanges  of  each  finger  were  knocking,  one  against  the 
other,  trying  to  reach  our  palm. 

The  tremor  of  paralysis  agitans  occurs  at  rest  and  is  generally 
rather  coarse,  varying  in  different  cases  from  four  to  seven  oscilla- 
tions per  second.  It  produces  joint  movements,  e.g.  the  well-known 
"pill-rolling"  movement  of  the  thumb  and  fingers,  flexion-extension 
movement  of  the  wrists,  pronation- supination  of  the  forearm,  flexion- 
extension  of  the  ankle,  etc.  The  coarser  the  movement,  the  slower 
is  the  rhythm.     Paralysi?  agitans  generally  begins  after  middle  life, 

1  Minor,  Zei/schriftf.  d.  ges.  Neurologic  w.  Psychiatrie,  1912,  Bd.  12. 
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although  juvenik  cases  are  sometimes  met  with,  in  which  the  disease 
appaars  during  adolescence.  The  disease  is  a  progressive  one.  Its 
symptoms  commence  unilaterally,  and  may  remain  confined  to  one 
side  for  some  time  before  ultimately  becoming  bilateral,  as  seen 
in  Figs.  43  and  43a,  which  are  taken  from  the  same  patient  at 
an  interval  of  three  years.  Usually  the  tremor  of  paralysis  agitans 
can  be  temporarily  controlled  by  voluntary  exertion.  But  this  is 
not  always  so;  indeed,  cases  occur  in  which  voluntary  movement 
increases  the  tremor.     Paralysis  agitans  is  always  accompanied  by 


t 


Fig.  43. — Paralysis  agitans, 
left-sided. 


Fig.  43a. — Faialysis  agitans:- — 
the  same  patient  as  in  Fig.  43, 
three  years  later. 


rigidity  in  the  affected  muscles;  in  fact,  rigidity  may  be  well  marked 
without  tremor,  in  the  so-called  "  paralysi."  agitans  sine  agitatione." 
An  attack  of  ordinary  hemiplegia  occurring  in  a  patient  with  paralysis 
agitans  arrests  the  tremor  in  the  hemiplegic  limbs,  but  if  the  hemi- 
plegia clears  up,  the  tremor  may  subsequently  reappear. 

Senile  tremor  is  not  unlike  the  tiemor  of  paralysis  agitans,  but 
its  onset  occurs  much  later  in  life.  Moreover,  it  begins  bilaterally, 
especially  in  the  head,  jaw,  and  lips,  and  is  unaccompanied  by  the 
characteristic  rigidity  of  Parkinson's  disease.  Thus  in  a  famous  old 
admiral  it  began  at  the  age  of  eighty-four  as  a  gentle  antero-posterior 
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tremor  of  the  tongue,  with  a  synchronous  movement  of  the  orbicularis 
oris.  Both  his  hands  had  tremor  and  an  interosseal  attitude  like 
that  of  paralysis  agitans,  but  without  rigidity. 

In  rickety  children  living  in  badly-lit  rooms,  especially  during 
rhe  second  six  months  after  birth,  we  sometimes  observe  a  peculiar 
involuntary  rotatory  or  nodding  tremor  of  the  head  which  usually 
comes  on  quite  suddenly  in  winter-time  and  is  known  as  spasmus 
nutans.  It  is  generally  accompanied  by  fine,  rapid  nystagmus,  either 
horizontal,  vertical  or  rotatory,  which  may  be  more  marked  in  one 
eye  than  the  other.  If  we  fix  the  child's  head,  the  nystagmus  in- 
creases. The  head  movement  is  more  often  a  lateral  rotation  than 
an  antero-posterior  nodding.  It  stops  when  the  child's  eyes  are 
closed,  either  voluntarily  or  artificially.  The  symptom  persists  for 
six  or  eight  weeks  or  longer,  and  then  passes  off,  perhaps  to  return 
again  in  the  following  winter.  It  is  not  associated  with  any  mental 
defect. 

Head-rolling  is  another  variety  of  involuntary  rhythmic  move- 
ment met  with  in  children,  chiefly  below  the  age  of  two  years.  Many 
of  the  patients  are  rickety  and  a  large  proportion  have  otitis  media, 
latent  or  evident.^  The  movement  is  more  vigorous  than  that  of 
spasmus  nutans,  it  is  unassociated  with  nystagmus,  and  it  ceases 
when  the  child  sits  up,  only  occurring  when  he  lies  down. 

Rhythmic  tremor  sometimes  occurs  in  gross  brain  disease.  Thus, 
for  example,  in  cases  of  lesions  in  the  tegmental  region  of  the  pons 
or  crus  cerebri,^  affecting  the  ruhro-sfinal  tract  (which  descends  from 
the  red  nucleus  into  the  lateral  column  of  the  opposite  side),  or  in 
lesions  of  the  lenticular  nucleus,  we  occasionally  observe  a  slow  rhythmic 
tremor  of  the  limbs  of  the  opposite  side,  chiefly  in  the  hand  and  foot. 
This  tremor  is  increased  by  excitement  or  voluntary  movement,  but 
ceases  during  sleep.  In  the  diagnosis  of  such  cases  we  have,  besides 
the  tremor,  the  other  localising  signs  of  a  gross  destructive  lesion. 
Thus  if  the  ocular  nuclei  (which  lie  dorsal  to  the  red  nucleus)  be 
affected,  there  is  ocular  palsy  of  the  nuclear  type;  if  the  pyramidal 
tract  be  affected  there  is  spastic  hemiplegia;  and  if  the  S'  niory  tract, 
traversing  the  internal  capsule  and  optic  thalamus,  be  implicated, 
we  have  heniiansesthesia.  When  a  unilateral  lesion  of  one  crus  cerebri 
produces  oculomotor  paralysis  of  one  side  with  tremor  of  the  opposite 
arm  and  leg,  this  is  known  as  Benedikt's  syndrome.  Moreover,  certain 
lesions  of  the  optic  thalanms  cause  loss  of  emotional  mobility  in  the 
opposite  side  of  the  face  in  laughing  or  crying,  with  little  or  no  weak- 
ness on  voluntary  movement. 

1  Still,  Clinical  Journal,  Nov.  28,  1906. 
>  Holmes,  Brain,  1904,  vol.  xxvii.,  p.  327. 
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Progressive  lenticular  degeneration,  associated  with  cirrhosis  of  the 
liver,  is  a  rare  family  disease  which  occurs  in  young  people,^  affecting 
the  extra-pyramidal  motor  path  (including  both  the  large-celled 
pallidal  system,  derived  from  the  lenticular  nucleus,  and  the  small- 
celled  neo-striate  system  of  the  caudate  nucleus  and  putamen).  The 
disease  is  invariably  progressive  and  fatal,  usually  within  two  to 
seven  years.  It  is  recognised  by  the  presence  of  bilateral  rhythmic 
tremors  of  the  limbs,  of  paralysis  agitanc  type,  but  increased  on 
voluntary  movement,  together  with  marked  hyper-tonicity  of  the 
limbs  and  face,  the  face  being  "set"  in  a  spastic  smile.  Neverthe- 
less, inasmuch  as  the  disease  leaves  the  pyramidal  paths  unaffected, 
there  is  no  true  motor  paralysis,  although  voluntary  movements  are 
interfered  with  by  the  muscular  rigidity.  Sometimes  spontaneous 
athetoid  or  choreiform  movements  are  observed,  differing  in  this 
respect  from  paralysis  agitans.  There  is  also  dysphagia  and  dys- 
arthria, and  a  degree  of  emotionalism,  the  spastic  smile  tending,  on 
slight  provocation,  to  become  a  spasmodic  laugh.  The  optic  discs, 
pupils,  and  cranial  nerves  are  normal.  There  is  no  nystagmus.  There 
are  no  sensory  abnormalities.  The  deep  reflexes  are  normal.  The 
plantar  reflexes  are  flexor  in  type  and  the  abdominal  reflexes  are 
preserved.  Post-mortem  the  lenticular  nuclei  on  both  sides  are  found 
to  be  degenerated,  chiefly  in  the  putamen  and  to  a  less  degree  in  the 
globus  pallidus,  and  in  advanced  cases  there  may  be  a  cavity  in  each 
corpus  striatum.  The  brain  and  spinal  cord  are  otherwise  normal. 
The  liver  shows  intense  multilobular  "  hob-nail"  cirrhosis.  Pseudo- 
sclerosis (see  p.  261)  closely  resembles  progressive  lenticular  degenera- 
tion in  many  of  its  clinical  features,  but  has  no  family  tendency,  and 
runs  a  much  slower  course. 

In  some  cases  of  tumour  of  the  frontal  lobe,  there  is  a  fine  tremor 
in  the  upper  limb  when  it  is  held  horizontally  forwards.  The  tremor 
in  such  cases  affects  the  ipso-lateral  limb ;  thus  in  a  right-sided  frontal 
tumour  we  may  find  tremor  in  the  right  hand. 

Let  us  now  pass  to  the  irregular,  non-rhythmic,  spontaneous 
movements.  Of  these,  ordinary  "rheumatic"  chorea  furnishes  one 
of  the  most  striking  examples.  All  are  familiar  with  the  irregular, 
jerking,  wriggling,  grimacing  movements  of  a  choreic  child.  They 
may  affect  the  face,  soft  palate,  tongue,  trunk,  limbs,  and  even  the 
muscles  of  respiration.  The  movements  of  the  limbs  are  often  more 
marked  on  one  side  than  on  the  other,  and  may  be  confined  to  one 
side — so-called  hemi-chorea.  Choreic  movements  occur  spontaneously 
but  are  increased  by  emotion  or  by  voluntary  movements.  They 
cease  during  sleep.     The  muscles  of  choreic  limbs  have  a  diminished 

1  Wilson,  Brain,  1911,  p.  295. 
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tonus  (hypotonia).  A  good  method  of  eliciting  choreic  movements 
in  a  slight  case  of  the  disease,  is  to  make  the  child  hold  both  hands 
above  the  head,  when  after  a  few  seconds  slight  involuntary  move- 
ments appear  in  the  fingers  of  one  or  both  sides. 

Huntington's  chorea  is  a  hereditary  variety  of  chorea  with  pro- 
gressive dementia,  which  comes  on  after  middle  life  and  becomes 
steadily  worse.  It  is  associated  with  degenerative  changes  in  the 
corpus  striatum  (especially  in  the  small-celled  neo-striatum  system) 
and  in  the  cerebral  cortex  of  the  frontal  region. 

Hyoscine  chorea^  whose  symptoms  are  similar  to  those  of  ordinary 
chorea,  occurs  during  acute  intoxication  with  hyoscine,  and  is  some- 
times, but  not  invariably,  associated  with  mild  delusions. 

The  movements  of  athetosis  or  "mobile  spasm"  are  dilTerent, 
occurring  as  they  do  most  commonly  in  the  spastic  limbs  of  old- 
standing  hemiplcgics  (chiefly  after  infantile  hemiplegia).  Athetosis 
never  occurs  in  a  limb  which  is  completely  paralysed,  but  only  when 
some  degree  of  voluntary  gower  survives.  It  is  probably  due  to  over- 
action  of  the  sub-cortical  centres  in  the  corpus  striatum,  which  have 
been  released  from  cortical  control.  The  movements  are  usually 
confined  to  the  upper  limb,  and  consist  of  very  slow,  irregular,  twist- 
ing movements,  most  marked  in  the  fingers  and  wrist,  but  in  severe 
cases  affecting  the  forearm,  elbow,  shoulder,  and  even  the  lower 
limb,  where  the  most  common  involuntary  movement  is  a  hyper- 
extension  of  the  great  toe.  Only  in  bilateral  athetosis  (generally 
though  not  always,  following  diplegia)  do  the  movements  affect  the 
face,  causing  hideous  grimacing  (see  Fig.  54,  p.  112).  In  a  typical 
case  the  hand  movements  consist  of  slow  flexion,  then  hyper-exten- 
sion and  spreading  out  of  the  fingers,  irregularly,  one  after  another. 
Combined  with  this,  there  is  alternate  abduction  and  opposition  of 
the  thumb,  with  flexion  or  extension  of  the  wrist,  and  pronation  or 
supination  of  the  forearm.  Fig.  44  is  taken  from  a  well-marked  case 
of  athetosis  in  which  the  movements  affected  all  the  joints  of  the  upper 
limb.  Athetosis  is  intensified  by  voluntary  movement,  whether  of 
the  paralysed  limb,  or  of  the  opposite  unaffected  hand.  It  cannot 
be  controlled  by  voluntary  effort,  and  sometimes  persists  even  during 
sleep. 

Spontaneous  "associated  movements  '*  occur  involuntarily  in  many 
cases  of  hemiplegia.  Thus  the  patient,  when  attempting  to  draw  up 
the  hemiplegic  leg,  involuntarily  dorsiflexes  the  ankle  and  hyper- 
extends  the  hallux,  or  when  flexing  the  fingers,  he  involuntarily 
dorsiflexes  the  wrist,  and  so  on  (see  later,  pp.  87  and  208) 

In  certain  cases  of  hemiplegia  and  diplegia,  involuntary  move- 
ments of  the  limbs,  especially  of  the  upper  limbs,  can  be  produced 
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by  changing  the  posture  of  the  head,  whether  actively  or  passively.^ 
These  conjugate  automatic  movements  are  analogous  to  those  observed 
experimentally  in  decerebrate  animals.^  In  such  animals  the  un- 
controlled centres  for  reflex  tonus  in  the  pons,  mid-brain,  and  medulla 
induce  a  heightened  tonus  in  the  extensor  muscles  of  the  limbs,  con- 
stituting the  so-called  "  decerebrate  rigidity."  Under  these  conditions, 
if  the  decerebrate  animal's  head  be  passively  turned  to  one  side  or 
to  the  other,  there  occurs  an  exaggeration  of  the  extension  of  the 


Fig.  44. — Athetosis  in  a  woman  aged  29,  the  subject  of  right-sided  hemiplegia  of 
nineteen  years'  duration.  There  was  severe  paralysis  of  the  right  upper  limb 
from  the  shoulder  downwards.  The  figures  show  athetosis  of  fingers,  wrist,  and 
elbow. 

limb  towards  which  the  animal's  face  is  turned  (facial  limb)  together 
with  a  diminution  of  the  extension  of  the  limb  towards  which  the 
occiput  is  turned  (occipital  limb).  Similarly,  in  certain  cases  of 
cortical  diplegia,  in  which  the  strio-spinal  centres  are  released  from 
control,  if  the  patient's  head  be  turned  to  the  right,  we  observe  that 
the  left  upper  limb  slowly  becomes  tonically  flexed,  whilst  the  right 
becomes  extended  (see  Fig.  140,  p.  276).  The  phenomenon  takes 
about  a  minute  to  reach  its  maximum.     If  we  now  turn  the  head 

^  Marie  and  Foix,  Revue  neurolwjique,  1914,  p.  120. 
*  Magnus,  Munch,  med.  Wochenschrift,  1912,  No.  13. 
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to  the  opposite  side,  the  attitude  of  the  upper  limbs  becomes  reversed. 
Similar  phenomena  are  sometimes  seen  in  hemiplegia,  being  limited, 
of  course,  to  the  hemiplegic  limbs.  Thus  we  may  observe  flexion 
of  the  hemiplegic  upper  limb  when  the  face  is  turned  away  from  the 
hemiplegic  side,  and  extension  of  the  hemiplegic  limb  when  the  face 
is  turned  towards  the  hemiplegic  side. 

Many  healthy  people  make  automatic  extension  movements  of 
the  upper  limbs  during  the  act  of  yawning.  By  the  ancients  these 
were  termed  pandiculation.  Such  movements  are  often  well  seen  in 
the  paralysed  limbs  in  a  case  of  severe  hemiplegia  when  the  patient 
yawns  or  is  tickled,  and  the  patient  may  harbour  vain  hopes  of  a 
return  of  motor  power  by  observing  extension  movements  of  his 
paralysed  fingers  or  elevation  of  the  paralysed  arm.  Unfortunately 
these  movements  are  not  a  hopeful  sign  in  hemiplegia;  oh  the  con- 
trary, they  are  due  to  uncontrolled  activity  of  the  strio-spinal  system, 
and  the  more  severe  the  lesion  of  the  pyramidal  tract,  the  more  marked 
is  the  pandiculation.  It  does  not  occur  in  limbs  which  are  the  sub- 
jects of  athetosis  or  other  involuntary  movements. 

It  is  not  uncommon,  in  cases  of  chronic  organic  hemiplegia,  to 
observe  involuntary  synkinetic  movements  of  the  opposite  non-par 
alysod  limb  during  powerful  voluntary  efforts  to  move  the  paralysed 
limb.  Still  more  frequently  the  converse  condition  is  observed,  in 
which  a  synkinetic  movement  of  the  paralysed  limb  occurs  when  the 
opposite  non-paralysed  limb  is  powerfully  innervated.  Thus  when  a 
hemiplegic  patient  executes  any  powerful  movement  of  the  non- 
paralysed  limb  against  resistance,  e.g.  clenching  the  fist,  extending 
the  elbow,  etc.,  the  muscles  of  the  hemiplegic  limb  may  undergo 
involuntary  contraction.  The  resulting  movement  exaggerates  the 
pre-existing  posture  of  contracture,  i.e.  the  ordinary  synkinetic 
movement  is  a  flexion  of  the  upper  limb  and  generally  an  extension  of 
the  lower  limb.  In  exceptional  cases  the  lower  limb  becomes  flexed. 
In  every  case,  however,  the  attitude  assumed  by  the  limb  is  always 
the  same  for  that  particular  patient.  Synkinesiae  are  much  more 
easily  elicited  in  contractured  than  in  flaccid  limbs, 

A  rarer  type  of  synkinesia  is  imitative  synJcinesia,  in  which  volun- 
tary movements  of  one  side  of  the  body  tend  to  be  reproduced  sym- 
metrically on  the  hemiplegic  side.  This  is  best  detected  by  making 
the  patient  alternately  pronate  and  supinate  the  healthy  limb  and 
observing  whether  this  gesture  is  reproduced  by  the  hemii)legic  limb.^ 

A  degree  of  bimanual  synkinesia  may  be  physiological,  especially 
in  children,  so  that  movements  tend  to  be  carried  out  bilaterally. 
Occasionally  this  condition  persists  into  adult  life.     It  may  run  in 
^  Marie  et  Foix,  Revue  Neuroloyique,  Jan.,  1910,  p.  1. 
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families,  when  it  is  usually  to  be  regarded  as  a  stigma  of  a  neuropathic 
inheritance. 

Spontaneous  movements  also  occur  in  cases  of  advanced  Fried- 
reich's ataxia,  being  most  marked  in  the  head,  neck,  and  face.  They 
commonly  consist  in  irregular  nodding  movements  of  the  head  or 
grimacing,  which  has  been  called  "  nystagmus  of  the  face."     But  in 

Friedreich's  ataxia  the  most  out- 
standing feature  is  inco-ordina- 
tion  of  voluntary  movements. 
The  absence  of  the  knee-jerks, 
the  deformity  of  the  feet,  the 
scoliosis,  etc.,  will  all  point  to  a 
correct  diagnosis. 

Spontaneous  movements, 
pseudo-athetosis,  also  occur  in 
certain  cases  of  tabes  in  which 
there  is  severe  impairment  of 
joint-sense  and  ataxia,  with 
deficient  muscular  tonus.  The 
movements  are  chiefly  seen  in 
the  fingers  and  wrists,  and  can 
best  be  demonstrated  by  making 
the  patient  close  his  eyes  and 
hold  his  hands  steadily  in  the  air 
with  the  fingers  extended.  In  a 
few  seconds  we  observe  slow 
irregular  flexion  or  extension  movements  of  the  fingers,  which  gradually 
assume  curiously  distorted  attitudes,  of  which  the  patient  is  totally 
unaware.  (See  Fig.  45,  also  Fig.  170,  p.  305,  where  similar  movements 
have  occurred  in  the  lower  limbs.) 

Again,  in  general  paralysis  of  the  insane,  spontaneous  tremors 
of  an  irregular  type  are  frequently  observed,  even  when  the  patient 
is  at  rest.  They  occur  chiefly  in  the  face,  especially  if  the  patient 
be  emotionally  excited  or  just  about  to  speak.  Waves  of  fibrillary 
tremor  appear,  rippling  along  the  muscles  of  the  lips,  tongue,  and 
face.  Irregular  tremors  of  an  intentional  type  are  also  frequently 
present,  especially  in  the  upper  limbs.  Their  rhythm  varies  from 
5  to  9  per  second.  They  can  often  be  demonstiated  by  asking  the 
patient  to  write.  Here  we  have  other  physical  signs  to  guide  us, 
e.g.  the  blurring  articulation,  the  irregular  or  unequal  pupils,  fre- 
quently of  Argyll-Robertson  type,  exaggeration  or  loss  of  the  knee- 
jerks,  the  condition  of  the  cerebro-spinal  fluid,  and  the  characteristic 
mental  symptoms. 


Fio.  45. — ^Tabetic  pseudo-athetosis  on 
closing  the  eyes. 
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There  is  another  great  group  of  involuntary  movements,  which 
includes  the  habit  spasms,  the  tics,  and  the  reflex  spasms.  A  proper 
classification  of  these  is  well  nigh  impossible,  since  the  different 
varieties  merge  into  each  other.  All  are  most  common  in  people  of 
"  nervous  "  constitution,  all  are  increased  by  emotion,  and  they  cease 
during  sleep.  Slight  degrees  of  habit-spasm  may  occur  without  any 
other  sign  of  functional  disease.  Public  speakers,  such  as  clergymen, 
barristers,  actors,  and  even  medical  lecturers,  occasionally  have  little 
unconscious  "tricks"  of  movement.  A  distinguished  university 
professor  has  frequent  clonic  jerks  of  the  frontal es  muscles,  which 
suddenly  elevate  his  eyebrows;  a  popular  comedian  makes  rapid 
blinking  movements  of  both  eyes  (blepharospasm)  when  he  advances 
towards  the  foot-hghts;  a  young  lady  has  clonic  spasms  of  both 
platysmata  when  her  neck  is  exposed  in  evening  dress  at  dinner 
parties,  and  so  on.  Such  minor  degrees  of  habit-spasm  are  usually 
bilateral  and  occur  without  any  local  exciting  cause. 

More  severe  varieties  of  habit-spasm  are  included  under  the  term 
"  Tic."  A  tic  is  of  cortical,  not  reflex  origin,  and  consists  in  the 
frequent  explosive  repetition  of  the  same  motor  act — generally  a 
violent,  irregular  one,  such  as  rapid  shaking  or  tossing  of  the  head, 
grimacing,  wriggling  of  the  shoulder,  etc.  It  passes  of?  as  suddenly 
as  it  comes  on.  Moreover,  it  does  not  interfere  with  voluntary  move- 
ments. For  example,  however  violent  a  tic  of  the  right  shoulder  or 
arm  may  be,  the  patient's  handwriting  shows  no  abnormality.  As 
Patrick-^  has  put  it,  when  the  impulse  to  tic  can  no  longer  be  con- 
trolled, the  patient  takes  pen  from  paper,  executes  his  tic  and  then 
resumes  writing.  At  first  sight,  tic  might  be  confounded  with  chorea. 
But  chorea  does  not  repeat  the  same  movement  regularly  again  and 
again.  Patients  who  have  severe  tic  usually  show  signs  of  mental 
degeneracy.  This  does  not  mean  that  they  are  necessarily  deficient 
in  intelligence.  On  the  contrary,  they  are  often  "  superior  degener- 
ates," bright  and  lively,  but  mentally  immature,  capricious,  emotional, 
psychasthenic,  and  frequently  the  subjects  of  obsessions  and  various 
forms  of  "  phobia."  The  greater  the  psychical  abnormality,  the 
more  inveterate  is  the  tic.  "  Tiqueur?  "  often  have  other  evidences 
of  the  psychasthenic  constitution,  such  as  explosive  articulation, 
"  word-swallowing,"  sudden  stoppage  of  speech,  disordered  respira- 
tion, echolalia  (impulsive  repetition  of  a  particular  word  or  phrase, 
or  coprolalia  (repetition  of  a  blasphemous  or  obscene  word). 

Spasmodic  torticollis  is  one  of  the  commonest  and  most  severe 
varieties  of  tic.  Though  the  result  of  the  movement  is  to  jerk  the 
head  to  one  side,  commonly  to  the  left  (see  Fig.  46),  the  spasm  is 

^  Journal  of  American  Med,  Assoc.,  Feb.  21,  1905. 
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really  a  bilateral  affair,  since  muscles  on  both  sides  of  the  neck,  pro- 
tagonists and  antagonists,  are  employed  to  produce  the  movement. 
It  is  sometimes  combined  with  a  backward  jerk,  a  so-called  retro- 
collic  spasm.  The  movement  may  be  tonic,  clonic,  or  a  combination 
of  the  two — tonico-clonic.  The  patient  can  often  curb  the  movement 
by  means  of  some  antagonistic  measure  of  his  own  invention,  e.g.  by 
light  pressure  on  the  chin  with  his  finger.    Severe  torticollis  usually 

begins  after  middle  life.  At  first 
occurring  in  paroxysms,  it  ultimately 
becomes  continuous  during  waking 
hours,  and  the  affected  muscles  be- 
come hypertrophied  from  over-use. 

Besides  idiopathic  spasmodic  tor- 
ticollis, which  comes  on  apparently 
spontaneously,  certain  cases  have  a 
definite  exciting  cause  and  should 
r    A  be  classed,  not  with  the  tics,  but 

'    \^  Mm  with    the   reflex   spasms    which  we 

^JB  m^  shall  consider  presently.    Thus,  for 

/     :^^Bik^  J^^\  example,    we    may    have    reurclgic 

^^Pl^  ^^'  (orliccllis,^    in    which    an    occipital 

neuralgia     or    a    painful    tooth    is 

Fio.  46.— Spasmodic  torticollis,  with  followed    by    Spasmodic    torticollis, 

secondary  hypertrophy  of  right  usually  tonic   in  form.     When  the 

stcmo-mastoid.  •' 

neuralgia  passes  oft',  the  muscular 
spasm  ceases  also.  Again,  we  may  have  labyrinthine  toriiccllis,^  due 
to  chronic  irritation  of  one  of  the  semicircular  canals.  In  such  cases 
the  torticollic  spasm  has  the  object  of  mitigating  vertigo,  which 
would  occur  if  the  head  were  not  kept  leaning  over  to  the  opposite 
side.  A  torticollis  thus  initiated  may  become  inveterate,  but  some 
cases  are  cured  by  the  administration  of  quinine.  A  small  propor- 
tion of  cases  are  examples  of  professional  torticollis,  occurring  only 
at  the  moment  of  performing  a  special  act,  especially  in  cobblers 
and  tailors,  who  have  to  turn  the  head  and  eyes  to  follow  the  needle. 
Such  cases  are  more  properly  to  be  classed  with  the  occupation- 
neuroses  (see  p.  249).  Spasmus  nutans,  head-rolling,  and  other 
rhythmic  movements  (see  p.  83),  must  not  be  confounded  with  true 
torticollis,  in  which  the  spasms  are  either  tonic  or  irregularly  clonic. 

There  is  another  group  of  movements  which,  originally  excited 
by  some  peripheral  irritation,  are  classed  as  reflex  spasms.  A  spasm, 
unlike  a  tic,  begins  locally,  perhaps  in  a  single  muscle,  and  spreads 

'  Cruchet,  TraiU  des  Torticdis  Spaemodiques,  Paris,  1907. 

2  Curschmann,  Deutsche  Zeitschrift  filr  NervenfieUkunde,  1907,  p.  306. 
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to  adjacent  muscles.  When  the  exciting  stimulus  is  unilateral,  the 
reflex  spasm  is  usually  unilateral  also,  but  not  invariably  so,  for 
bilateral  reflex  spasms  also  occur,  as  in  tonic  and  clonic  contraction 
of  the  orbiculares  oculorum  (blepharospasm),  the  result  of  corneal  or 
conjunctival  inflammation,  or  as  in  the  case  where  a  vaginal  caruncle 
or  anal  fissure  produces  vaginismus  with  bilateral  adductor  spasm. 
Of  the  unilateral  reflex 
spasms  one  of  the  most 
striking  is  the  intense  facial 
spasm  which  occurs  in  severe 
cases  of  trigeminal  neuralgia 
or  tic  douloureux,  which  is 
not  a  true  tic  but  a  reflex 
spasm.  In  this  disease  the 
patient  has  paroxysms  of 
agonising  pain  in  one  or 
more  divisions  of  the  tri- 
geminal nerve.  During  a 
paroxysm,  the  face  on  the 
side  of  the  pain  is  thrown 
into  strong  tonic  contrac- 
tion, the  eye  is  closed,  tho 
mouth  is  drawn  up  on  the 
affected  side,  and  the  patient 
often  presses  his  hand  des- 
perately over  the  site  of 
pain.  Only  when  the  acute  stage  of  the  paroxysm  passes  off  do  the 
facial  muscles  relax. 

Less  severe  paroxysmal  facial  hemi-spasm,  either  tonic  or  clonic, 
usually  commencing  with  waves  of  flickering  fibrillary  movement, 
especially  in  the  orbicularis  oculi,  closely  resembling  the  movements 
produced  by  faradic  stimulation  and  impUcating  some  or  all  of  the 
facial  muscles,  may  arise  from  other  reflex  causes,  generally  in  the 
territory  of  the  fifth  nerve,  such  as  a  decayed  tooth,  a  non-erupted 
wisdom-tooth,  a  nasal  polypus,  etc.  Facial  hemi-spasm,  unlike  tic 
douloureux,  is  painless.  Occasionally  it  occurs  primarily,  without 
apparent  cause,  as  in  the  patient  shown  in  Fig.  47.  It  also  occurs, 
less  frequently,  in  lesions  of  the  facial  nerve  itself,  as,  for  example, 
when  tumours  (especially  of  the  cerebello-pontine  angle)  or  abscesses 
compress  the  nerve.  Sometimes  it  follows  an  attack  of  ordinary  facial 
palsy;  less  commonly  it  may  precede  its  onset.  Therefore  in  every 
case  of  facial  hemi-spasm  we  should  search  for  local  lesions  in  the 
territory  not  only  of  the  trigeminal  but  also  of  the  facial  nerve. 


YiG.  47. — Left-sided  facial  hemi-spasm. 
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Sometimes  a  reflex  spasm  may  persist  as  a  habit-spasm,  long 
after  the  original  exciting  cause  has  passed  away.  vSuch  cases  can 
usually  be  diagnosed  by  their  history.  For  example,  a  lad  lost  his  left 
arm  by  avulsion  in  a  machinery  accident.  The  stump  was  amputated 
at  the  shoulder- joint,  but  clonic  spasms  appeared  in  the  trapezius 
and  scapular  muscles,  and  these  persisted  even  after  all  the  posterior 
nerve-roots  in  that  region  were  divided  by  operation.  Cases  of 
"shivering  stump"  after  amputation  in  war-time  are  often  due  to 
irritation  at  the  cut  ends  of  the  nerves.  Others  may  be  examples  of 
local  tetanus  (see  later,  p.  509). 


Fig.  48.^ — Rigbt-sided  bl.  j,iiai..>i)a8in 


Certain  well-marked  types  of  blepharospasm  sometimes  follow 
shell- explosions  in  war.  In  one  variety  the  retinae,  owing  to  the 
intense  flash  of  the  bursting  shell,  are  over-stimulated  and  become 
hyperaesthetic.  The  patient  endeavours  to  protect  them  from  light 
by  a  vigorous  blepharospasm,  which  may  be  bilateral,  or,  more  com- 
monly, unilateral.  In  other  cases,  again,  particles  of  dust  are  driven 
into  the  conjunctivae  by  a  missile  landing  close  in  front,  and  here  also 
a  reflex  blepharospasm  results,  as  in  the  patient  showTi  in  Fig.  48. 
This  lad  was  struck  by  a  fragment  of  bomb  in  the  right  frontal 
region,  producing  only  a  superficial  abrasion.  His  right  eye,  however, 
was  blind  for  five  days,  and  subsequently  remained  closed  for  over  a 
month  by  spasm  of  the  orbicularis,  the  right  eyebrow  standing  at  a 
lower  level  than  the  left.  On  forcibly  opening  the  lids,  there  was  acute 
photophobia,  accompanied  by  spasmodic  contraction  of  the  orbi- 
cularis. The  pupil  was  slightly  larger  than  on  the  left  side,  but  reacted 
normally  to  light,  whilst  the  external  ocular  movements  were  normal. 
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In  any  variety  of  blepharospasm,  if  we  forcibly  open  the  lids,  the 
vision  is  usually  found  to  be  little  affected,  but  photophobia  is 
generally  intense.  The  blepharospasm  may  persist  for  periods  vary- 
ing from  a  few  hours  to  several  months. 

Fig.  49  shows  a  case  of  refle.x  ulnar  spasm  in  a  blacksmith  who  sustained 
a  severe  jar  of  the  left  elbow  when  holding  an  iron  bar  which  was  being 
hammered  by  a  fellow-workman.  The  muscles  of  the  left  hand  at  once 
became  weak.  Five  months  later,  tonic  spasm  gradually  set  in,  limited 
to  tlie  intrinsic  muscles  of  the  hand  supplied  by  the  ulnar  nerve.  From 
contraction  of  the  interossei  the  fingers  were  tightly  adducted,  whilst  the 
hypothenar  muscles  produced  opposition  of  the  little  finger.  When  examined 
a  year  after  the  accident,  this  tonic  spasm  still  persisted,  and  there  was 
blunting  of  sensation  to  cotton- wool  and  pin-pricks  in  the  ulnar  territory 
of  the  hand,  with  loss  of  vibration-sense  in  the  two  ulnar  fingers.  Pro- 
longed massage  and  electrical  treatment  to  the  limb  having  failed  to  pro- 
duce improvement,  the  ulnar  nerve  at  the  elbow  was  injected  with  normal 


Fig.  49. — Reflex  ulnar  spasm. 

saline  solution  containing  a  little  cocaine.  The  spasm  was  promptly 
relieved,  and  a  week  later  no  sensory  or  motor  abnormality  could  be 
detected  (see  "  Reflex  Paralysis,"  p.  239). 

But  other  cases  occur,  even  of  unilateral  spasm,  without  any  reflex 
exciting  cause  or  the  history  of  one,  and  they  are  difficult  to  classify. 

Thus  a  lady  whose  menopause  occurred  at  the  age  of  forty- five,  at  the 
same  time  also  lost  most  of  her  property  through  the  failure  of  a  bank. 
She  gradually  developed  clonic  spasm' of  the  left  facial  muscles.  At  first, 
this  consisted  merely  in  a  slight  flickering  of  the  lower  lid  for  a  second  or 
two,  every  few  days,  but  the  condition  gradually  increased  in  severity  until 
when  she  came  under  observation  thirteen  years  later,  the  spasms  affected 
all  the  facial  muscles  on  one  side,  beginning  as  a  flickering  movement,  and 
then  becoming  tonic  and  lasting  from  twenty  to  thirty  seconds  at  a  time, 
the  eye  being  closed,  the  eyebrow  elevated,  the  angle  of  the  mouth  drawn 
outwards,  and  the  platysma  thrown  into  strong  contraction.  In  the 
intervals  between  attacks  the  face  was  symmetrical.  Under  treatment  by 
bromides  and  galvanism  this  patient  rapidly  became  better. 

Hysterical  Tremors  following  Shell- Explosions.— Some  of  these 
tremors  occur  in  patients  who  have  had  cerebral  concussions;  others  in 
soldiers  who  have  had  the  emotional  shock  of  an  artillery  bombardment 
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without  any  physical  concussion  or  other  injury.  Generalised  tremor 
in  a  few  instances  begins  when  the  patient  is  actually  at  his  post  in  the 
trenches :  this  is  really  an  emotional  reaction.  Much  more  frequently 
it  develops  when  he  is  admitted  to  hospital,  especially  if  he  is  in  the 
same  ward  with  other  cases  of  war-neuroses.  This  hysterical  tremor 
may  affect  arms  and  legs,  sometimes  the  head  also ;  and  is  of  a  coarser, 
violent  type,  aggravated  by  emotion,  by  voluntary  movement  and 
by  loud  noises.  In  other  cases  the  tremor  is  limited  to  a  single  limb 
or  part  of  a  limb.  Isolation,  combined  with  curative  suggestions  and 
with  repeated  passive  movements  of  the  affected  limb  until  the 
muscles  have  become  relaxed,  benefits  these  cases,  and  their  prospects 
of  ultimate  recovery  are  good. 

Finally,  there  are  numberless  varieties  of  hysterical  spasms  apart 
from  the  hysterical  "  fits,"  which  have  already  been  discussed.  We 
can  only  refer  to  some  of  the  commoner  types.  Thus  saltatory  spasm 
consists  of  a  series  of  jumping  or  skipping  movements,  which  occur 
whenever  the  patient  assumes  the  erect  posture.  A  similar  spasm, 
less  severe  in  degree,  may  produce  paroxysms  of  trembling  in  the  legs, 
as  in  a  hysterical  girl  of  nineteen  with  many  other  manifestations 
of  hysteria,  in  whom  the  spasms  ceased  at  once  when  she  lay  down. 
All  sorts  of  movements,  however,  may  occur  in  hysteria,  simulating 
almost  any  kind  of  tremor.  For  instance,  a  hysterical  woman  of 
twenty-one  had  constant  movements  of  the  face,  left  arm,  and  both 
legs,  resembling  those  of  athetosis,  but  very  much  faster.  In  her 
case  typical  hysterical  contractures  and  segmental  anaesthesia  of  the 
hysterical  type,  together  with  the  normal  state  of  the  reflexes,  aided 
in  the  diagnosis  of  hysteria,  which  disease  will  be  further  considered 
in  a  subsequent  chapter. 


CHAPTEE  VII 

APHASIA 

We  exchange  ideas  with  our  fellow-men  chiefly  by  means  of  speech. 
To  speak  is  not  merely  to  utter  words.  Speech  is  a  psychical  process 
consisting  in  the  construction  of  propositions.  Speech  possesses  an 
arbitrary  code  of  signals,  vocal  or  written.  These  signals  are  per- 
ceived by  our  auditory  or  visual  centres.  Every  country  has  its  own 
particular  code  or  language,  which  is  learned  by  each  of  its  inhabitants. 
Gestures  and  mimic  movements,  as  a  means  of  communication, 
although  international,  have  a  very  limited  field  of  usefulness  as 
compared  with  speech  or  propositionising.  Two  individuals,  each 
ignorant  of  the  other's  language,  can  certainly  communicate  with  each 
other  after  a  fashion  by  means  of  gestures  alone,  yet  they  cannot 
express  many  ideas  in  this  way,  but  only  simple  primitive  emotions, 
such  at  pleasure,  anger,  surprise,  and  so  on,  or  pantomimic  imitations 
of  certain  acts. 

There  are  three  chief  classes  of  cases  in  which  the  functions  of 
articulate  speech  may  be  lost.  Firstly,  there  are  conditions  in  which 
the  patient's  higher  intellectual  functions  are  in  abeyance,  either 
congenitally  as  in  idiots,  or  from  disease  as  in  acquired  dementia, 
coma,  stupor,  or  in  certain  cases  of  hysteria.  Such  patients  are 
speechless,  but  they  are  not  aphasics.  Secondly,  there  are  the  cases 
where  the  higher  intellectual  centres  are  capable  of  function,  but 
the  cortical  speech-centres  which  control  the  motor  acts  of  speaking 
and  writing,  or  the  sensory  processes  of  recognising  spoken  or  WTitten 
words,  are  diseased,  and  yet  the  patient  has  not  necessarily  any  paralysis 
of  the  peripheral  organs  of  speech,  nor  is  he  necessarily  deaf  or  blind. 
To  this  group  the  teim  "  aphasia  "  is  applied.  Lastly,  there  are  the 
cases  where,  with  intact  intellectual  functions  and  normal  cortical 
speech-centres,  there  are  defects  in  the  peripheral  organs  of  articula- 
tion, so  that  the  patient  is  unable  to  articulate  distinctly — for  example, 
cases  of  cleft  palate,  post-diphtheritic  palsy  of  the  palate,  facial  or 
hypoglossal  paralysis,  bulbar  paralysis,  and  so  on.  These  are  affec- 
tions, not  of  speech  proper,  but  of  articulation. 

Aphasia  may  be  defined  as  impairment  or  loss  of  speech  due  to 
the  loss  of  memory  for  those  signs,  vocal  or  written,  by  means  of 
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which  we  exchange  ideas  with  our  fellow-men.  An  aphasic,  unless 
his  higher  intellectual  centres  are  impaired,  usually  preserves  his 
powers  of  gesture  and  of  pantomime.  Aphasia  is  due  to  disease, 
organic  or  functional,  of  certain  well-defined  special  centres  in  or  near 
the  cortex  of  the  brain.  These  cortical  centres  exist  on  both  sides 
of  the  brain,  but  ordinarily  in  right-handed  people  the  speech-centres 
on  the  left  side  of  the  brain  are  predominant. 

Let  us  consider  the  speech-centres  somewhat  more  in  detail. 
For  the  interchange  of  ideas  two  distinct  processes  are  required — 
one  sensory,  the  other  motor.  The  sensory  process  includes  the 
hearing  and  understanding  of  spoken  words,  and  also  the  seeing  and 
understanding  of  written  or  printed  letters.     The  memories  of  words 


Fio.  50. — Diagram  of  left  cerebral  hemisphere,  showing  approximate  positions 
of  the  centres  concerned  in  speech. 


A. 
V. 

Sp.   Vocal  word-centre.  )    «„*^, 

—      -  for  writing./   ""*<''• 


Auditory  word-centre.     \  «p„cnr  ■ 
Visual  word-centre.  /  censor. 


W.    Motor  centre  i 


heard  and  seen  are  stored  up  in  specialised  parts  of  the  auditory  and 
visual  centres,  named  respectively  the  auditory  word-centre  and  the 
visual  word-centre  (Fig.  50).  The  auditory  word-centre  is  at  the 
upper  or  Sylvian  surface  of  the  temporal  lobe  (anterior  transverse 
gyrus  of  Heschl,  Flechsig's  "auditory  gyrus")  and  in  the  adjacent 
posterior  end  of  the  first  temporal  convolution.  The  visual  word-centre 
(in  individuals  who  have  learned  to  read)  is  in  the  angular  gyrus. 
Either  centre  may  be  diseased ;  so  that  we  have  two  varieties  of  sensory 
aphasia,  or  aphasia  of  comprehension,  viz. — auditory  aphasia  and 
visual  aphasia.  Then  there  is  in  speech  the  motor  element,  consisting 
of  the  motor  act  of  expressing  ourselves  in  words,  either  vocally  or 
by  means  of  writing.  The  memories  of  these  motor  acts  of  vocal 
speech  are  usually  supposed  to  be  stored  up  at  the  posterior  end  of 
the  inferior  frontal  (Broca's)  convolution,  and  in  the  adjacent  part 
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of  the  pre-central  convolution  and  of  the  insula.  If  this  centre  be 
destroyed,  motor  aphasia  (aphasia  of  expression)  or  aphemia  results, 
the  patient  being  unable  to  utter  words  of  which  his  motor  memories 
have  been  destroyed. 

Marie,  however,  has  recorded  cases  of  destruction  of  Broca's  convolu- 
tion without  any  speech  defect,  and  denies  that  it  has  any  special  import- 
ance in  the  mechanism  of  speech.  He  considers  that  cases  of  so-called 
motor  aphasia  are  really  examples  of  ordinary  sensory  aphasia  combined 
with  articulative  difficulty  (anarthria  or  dysarthria)  due  to  a  lesion  of  the 
lenticular  nucleus  and  its  surrounding  white  matter;  and  maintains  that 
isolated  lesions  of  Broca's  convolution  are  accidental  and  of  minor  signifi- 
cance. 


Fio.  51.^ — Diagram  of  sj^eech- cent  res  (after  Bramwell). 

A.     Auditory  word-centre.  V.    Visual  word-centre. 

Sp.  Motor  vocal  word-centre.  W.  Motor  centre  for  writing. 

HV.  Half- vision  centre. 

The  interrupted  lines  indicate  possible  but  less  habitual  routes  for  transmission  of  impolsee. 

Earlier  writers  used  also  to  describe  a  separate  centre  for  writitg 
(independent  of  the  vocal  word-centre),  a  lesion  of  which  would 
produce  loss  of  the  faculty  of  writing — motor  agraphia.  But  no  case 
has  been  verified  pathologically  in  which  a  focal  lesion  has  produced 
pure  agraphia  without  affection  of  vocal  speech,  so  that  the  writing- 
centre,  although  it  may  be  represented  diagrammatically  in  a  theoreti- 
cal scheme  of  cortical  speech-centres,  is  probably  merely  a  part  of 
the  ordinary  psycho-motor  centre  for  the  upper  extremity. 

Fig.  51  is  a  scheme  of  the  connection  of  the  various  centres  con- 
cerned in  speech.  Let  us  first  notice  that  the  motor  vocal  word- 
centre  is  subservient  to  the  auditory  word-centre,  and  that  the  writing- 
centre  is  similarly  subservient  to  the  visual  word-centre.  A  child 
first  learns  to  speak  by  hearing  spoken  words  and  then  imitating 
them.  Therefore  speech  is  at  first  entirely  auditory  in  origin.  Later, 
iu  learning  to  read,  the  meaning  of  each  word  is  learned  by  associating 
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the  letters  seen  with  words  heard  spoken,  so  that  the  auditory  word- 
centre  acts  as  the  instructor  of  the  visual  word-centre. 

In  most  people,  during  the  process  of  silent  thought,  words  are 
revived  primarily  in  the  auditory  word-centre,  and  there  is  usually 
a  simultaneous  revival  of  the  same  words  in  the  visual  word-centre. 
But  in  other  people  the  revival  in  the  visual  word-centre  comes  to  be 
of  greater  importance.  Accordingly  we  may  classify  people  into 
"  auditivcs  "  and  "visuals"  according  to  their  mode  of  revival  of 
words  in  thought.  Most  of  us  are  "  auditives."  Simultaneous  revival 
of  word-images  in  several  speech-centres  makes  our  comprehension 
of  the  idea  more  perfect.  Thus  a  difficult  concept  is  better  understood 
if  we  read  it  aloud,  because  this  involves  the  activity  of  the  visual, 
auditory  and  vocal  word-centres. 

Aphasia  commonly  results  from  organic  disease  of  one  or  more 
of  the  cortical  speech-centres,  or  of  the  sub-cortical  fibres  connecting 
them.  The  most  frequent  organic  causes  are  embolism,  haemorrhage, 
or  thrombosis,  cerebral  abscesses  and  cerebral  tumours.  In  war- 
time traumatic  lesions  of  the  speech-centres  are  conmion.  The 
differential  diagnosis  between  these  various  conditions  depends 
largely  on  the  history;  embolism  producing  the  symptoms  suddenly, 
haemorrhage  taking  several  minutes,  thrombosis  taking  perhaps  hours, 
abscesses  being  more  gradual  in  onset  and  tumours  still  more  so. 
But  we  also  meet  with  cases  of  temporary  or  functional  aphasia, 
sometimes  from  mere  debility  or  exhaustion,  sometimes  from  localised 
vascular  spasm,  sometimes  following  a  "  congestive  attack  "  in  general 
I)aralysis  or  an  epileptic  fit,  or  accompanying  a  paroxysm  of  migraine, 
or  an  attack  of  uraemia. 

In  investigating  a  case  of  aphasia  we  should  first  note  whether  the 
patient  has  other  signs  of  gross  cerebral  lesion,  such  as  hemianopia, 
or  hemiplegia,  and  should  inquire  whether  he  is  naturally  right-  or 
left-handed.  Most  children  are  taught  to  write  with  the  right  hand, 
whether  they  are  right-handed  or  not,  and  therefore  in  determining 
this  point  we  inquire  with  which  hand  a  man  draws  a  cork,  throws 
a  stone,  etc. ;  or  if  a  woman,  with  which  hand  she  combs  her  hair  or 
threads  a  needle;  or,  in  either  sex,  which  hand  is  used  in  cutting 
bread. 

The  following  series  of  inquiries  (based  on  Beevor's  scheme)  should 
then  be  made.  The  capital  letters  in  parenthesis  indicate  the  parts 
of  the  brain  involved  in  each  case. 

1.  Can  the  patient  spontaneously  utter  intelligible  words  ?  (Sp.) 
Note  the  extent  of  his  vocabulary.  Can  he  pronounce  all  words  or 
only  a  few  ?  Get  the  patient  to  talk  spontaneously,  and  observe 
whether  he  talks  fluently  or  misplaces  words  or  syllables,  whether 
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he  talks  in  disjointed  phrases  ("telegraphic"  type  of  speech),  or 
whether  he  talks  unintelligible  jargon. 

2.  Can  he  understand  words  which  he  hears  ?  (A.)  Ask  him  to 
touch  his  nose,  ear,  eye,  chin,  etc.,  in  turn,  thus  testing  his  inter- 
pretation of  nouns.  Then  ask  him  to  smile,  whistle,  shut  his  eyes, 
etc.,  thus  testing  his  comprehension  of  verbs.  Sometimes  we  find 
that  the  patient  executes  the  first  command  correctly,  but  continues 
to  repeat  the  same  act  in  response  to  different  commands.  A  patient 
can  sometimes  sing  the  words  and  air  of  a  song,  when  he  is  unable 
to  repeat  the  words  in  a  speaking  voice. 

3.  Can  he  imderstand  written  questions  or  commands  which  he 
sees  ?  (V.)  Write  down  and  show  him  simple  sentences,  such  as 
"How  old  are  you?"  "Put  out  your  tongue."  "Give  me  your 
left  hand." 

4.  Can  he  write  spontaneously  ?  (W.)  If  his  right  hand  is 
paralysed,  let  him  try  with  the  left.  Observe  whether  he  writes 
intelligibly,  whether  he  misplaces  words  or  syllables,  or  whether  he 
scribbles  meaningless  signs. 

5.  Can  he  copy  from  printed  to  written  letters  ?  (V— ►W.)  Print 
some  word  such  as  "  Hospital "  or  "  Monday,"  and  get  him  to  copy 
this. 

6.  Can  he  write  to  dictation  words  which  he  hears  ?     (A— V— W.) 

7.  Can  he  pick  out  objects  of  which  he  hears  the  name  ?  (A — V.) 
Place  in  front  of  him  a  heap  of  objects,  such  as  a  key,  a  shilling,  a 
match,  a  pencil,  and  ask  him  to  pick  out  each  in  turn. 

8.  Can  he  repeat  words  heard  ?  (A— ^Sp.)  Try  him  first  with 
simple  words  and  phrases,  e.g.  "cat,"  "dog,"  "nurse,"  "good- 
morning,"  etc. 

9.  Can  he  name  objects  seen,  and  can  he  read  aloud  from  words 
shown  to  him  ?  (V— ^A-'Sp.)  Point  to  different  objects  {e.g.  pencil, 
cigar,  watch)  and  ask  him  what  they  are. 

10.  Does  he  understand  gestures  and  pantomimic  movements  ? 
Without  speaking  to  him,  get  him  to  imitate  you  when  touching 
the  nose,  spreading  out  the  fingers,  protruding  the  tongue,  etc. 

Auditory  Aphasia,  or  Word-Deafness. — The  patient  in  this  case 
is  not  deaf,  but  simply  word-deaf.  He  hears  ordinary  sounds  and 
noises,  but  spoken  words  are  not  understood;  they  sound  to  him 
like  an  unknown  tongue.  The  character  of  the  symptoms  varies 
according  as  the  lesion  of  the  temporal  lobe  is  sub-cortical  or  cortical 
in  position. 

{a)  Sub-cortical,  or  Pure  Auditory  Aphasia.— This  is  extremely  rare 
(Marie,  in  fact,  denies  its  existence).    Here  the  lesion  simply  blocks 
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the  way-in  for  spoken  words.  The  patient  therefore  has  word- deaf- 
ness, i.e.  he  is  unable  to  understand  what  is  said  to  him;  he  is  also 
unable  to  repeat  spol.en  words  or  to  write  from  dictation.  But  the 
auditory  word-centre  being  still  intact,  he  possesses  all  his  memories 
of  auditory  speech,  and  therefore  spontaneous  speech  is  perfect. 
Moreover,  the  visual  word-centre  being  in  normal  working  order,  he 
is  still  able  to  read,  and,  as  a  matter  of  fact,  reading  is  his  only  means 
of  receiving  messages  from  other  people.  A  deep-seated  lesion  of  the 
temporal  lobe  may  interrupt  the  optic  radiations.  The  patient  then  has 
a  superadded  hemianopia,  but  without  hemiansesthesia  or  hemiplegia. 

(6)  Cortical  Word-Deafness. — This  is  much  commoner  than  the 
other  variety.  Here  the  lesion  involves  the  cortical  centre  itself,  and 
the  auditory  memories  of  spoken  words  are  obliterated.  And  there- 
fore, in  addition  to  the  previous  defects  of  word-deafness  with  in- 
ability to  repeat  spoken  words  or  to  write  from  dictation,  there  are 
other  symptoms  due  to  the  fact  that  the  motor  speech-centre  is  no 
longer  controlled  by  the  auditory  word- centre.  Internal  speech  and 
thought  are  impaired,  and  so  the  patient  makes  mistakes  whether 
in  speaking  spontaneously  or  in  reading  aloud.  He  also  makes 
mistakes  in  writing,  especially  in  spelling.  He  talks  fluently  enough, 
it  is  true,  but  he  tends  to  mix  up  his  words  or  syllables,  and  in  a 
severe  case  may  jabber  unintelligible  jargon.  Word- deafness  renders 
the  patient  unaware  of  his  own  errors.  This,  as  we  shall  see,  is  in 
marked  contrast  with  motor  aphasia,  where  the  patient  recognises 
his  own  mistakes  as  soon  as  he  has  uttered  them.  If  the  lesion  of 
the  auditory  word- centre  be  incomplete,  or  in  cases  which  are  in 
process  of  recovery,  the  word- deafness  and  resulting  errors  of  speech 
are  also  partial.  These  latter  may,  in  a  slight  case,  be  confined  to 
inability  to  name  objects,  i.e.  nouns,  the  patient  being  still  able  to 
express  abstract  ideas.  Thus  a  partially  word- deaf  patient,  who  is 
unable  to  name  a  knife  shown  him,  may  say,  "It  is  for  cutting." 
Or  again,  partial  word-deafness  may  produce  simply  confusion  of 
words;  the  patient  may  say  one  word  when  he  means  another  [jKir- 
apliasia).  It  rarely  happens  that  word-deafness  remains  permanent 
and  complete;  the  auditory  word-centre  in  the  opposite  hemisphere 
generally  compensates,  to  some  extent,  as  time  goes  on. 

The  aphasic  patient  usually  shows  evidences  of  intellectual  defi- 
ciency. His  power  of  attention  is  diminished;  his  memory  is  im- 
paired, and  he  is  unduly  emotional  and  irritable.  The  extent  of 
mental  disturbance  in  word-deafness  varies  according  to  whether 
the  patient  be  a  strong  "auditive"  or  a  strong  "visual."  In  the 
latter  case  the  mental  impairment  is  much  less  than  in  the  former, 
and  the  disturbances  of  motor  speech  are  but  slight. 
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The  auditory  and  visual  word-centres  are  fairly  close  together, 
and  more  than  this,  they  are  supplied  by  the  same  branch  of  the 
middle  cerebral  artery  (see  Fig.  32,  p.  42);  so  that  it  is  not  uncommon 
for  a  single  arterial  lesion,  e.g.  a  thrombosis,  to  affect  both  centres 
together  and  to  produce  a  combination  of  word-deafness  and  word- 
blindness. 

Visual  Aphasia,  or  Word-Blindness  (Alexia).— In  word-blindness 
the  patient  can  see,  but  cannot  understand,  printed  or  written  char- 
acters. They  appear  to  him  like  strange  hieroglyphics.  He  sees  the 
shape  of  the  letters,  but  they  convey  no  meaning  to  his  mind. 

Here,  as  in  word-deafness,  the  symptoms  vary  in  degree.  The 
patient  may  be  unable  to  recognise  a  single  letter  (letter-blindness), 
or  he  may  be  able  to  spell  out  the  letters  singly  but  unable  to  read 
syllables  or  words.  Often  a  patient  who  is  unable  to  read  any  other 
word,  can  recognise  his  own  name.  Frequently  he  retains  the  power 
of  recognising  numbers  and  of  doing  addition,  subtraction,  and  multi- 
plication sums.  We  have  to  recognise  two  varieties  of  word-blindness, 
according  as  the  lesion  is  cortical  or  sub-cortical  in  position. 

(a)  Sub-cortical,  or  Pure  Word-Blindness.— Here  the  way-in  for 
visual  word- impressions  is  destroyed,  the  visual  word-centre  remaining 
intact.  The  patient  cannot  understand  written  or  printed  words, 
nor  can  he  read  aloud,  but  he  still  retains  the  power  of  writing  spon- 
taneously and  from  dictation ;  and  therefore  he  can  express  his  thoughts 
perfectly  in  writing,  but  is  unable  to  read  what  he  has  himself  written. 
Inasmuch  as  a  sub -cortical  lesion,  in  order  to  produce  word-blindness, 
must  be  beneath  the  angular  gyrus  and  in  such  a  position  as  to  cut 
off  the  afferent  visual  impulses  from  both  half-vision  centres  to  the 
visual  word-centre  in  the  angular  gyrus,  it  will  necessarily  implicate  the 
optic  radiation  to  some  extent.  And  therefore  a  pure  or  sub -cortical 
word- blindness,  is  always  associated  with  (right-sided)  hemianopia  or, 
when  partial,  with  (right- sided)  hemi-achromatopsia  (Fig.  52). 

(6)  Cortical  Word-Blindness. — In  this  variety,  in  addition  to  the 
symptoms  just  described,  there  is  loss  of  the  memories  of  written  or 
printed  words,  and  therefore,  inasmuch  as  the  visual  word-centre, 
which  controls  the  writing-centre,  is  destroyed,  the  patient  has  agraphia 
of  sensory  origin.  He  is  unable  to  write  spontaneously,  to  copy  from 
printed  into  written  characters,  or  to  write  from  dictation.  If  the 
lesion  of  the  visual  word- centre  be  partial  the  alexia  and  agraphia 
are  also  incomplete,  and  mistakes  in  wTiting  may  amount  simply 
to  the  %mting  of  wrong  words,  syllables  or  letters — so-called  "  jtar- 
agraphia." 

These  points  are  illustrated  by  Bramwell's  well-known  diagram 
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(Fig.  51),  in  which  a  lesion  at  the  position  marked  1,  destroying  fibres 
passing  from  one  half- vision  centre  to  the  visual  speech-centre,  would 
not  produce  word-blindness.  A  lesion  at  1,  destroying  fibres  passing 
from  both  half-vision  centres  to  the  visual  speech-centre,  would 
produce  word-blindness  but  not  agraphia,  since  the  visual  speech- 
centre  is  unaffected  and  is  able  to  influence  the  motor  writing-centre. 
A  lesion  at  2,  destroying  the  visual  speech-centre,  would  produce 
word-blindness  and  agraphia.  A  lesion  at  3  would  produce  agraphia 
(unless  the  motor  writing- centre  could  be  brought  into  action  in  some 
roundabout  way),  but  not  word-blindness,  the  visual  speech-centre 
being  intact. 

Motor  Aphasia.— In  this  variety  the  patient  has  lost  the  power  of 
expressing  himself  by  spoken  words.     He  can  neither  speak  spon- 


C.C. 


Fig.  52. — Diagram  representing  a  lesion  (indicated   by  thick  black  line) 
which  produces  pure  word-blindness  (Eastian). 

C.  C.    Posterior  extremity  of  corpus  callosum. 

r.  c.      Commissural  fibres  connectiug  the  two  visual  word-centres. 

b.  b.     Fibres  connecting  each  half-wsion  centre  with  the  visual  -word-centre  of  the  same  side. 

taneously  nor  can  he  read  aloud.     And  yet  (unless  the  motor  speech- 
centres  on  both  sides  of  the  brain  are  destroyed)  he  is  not  absolutely 
dumb.     As  Hughlings  Jackson  puts  it,  the  patient  is  speechless,  but 
as  a  rule  not  wordless.    He  can  usually  utter  intelligently  a  few 
words  of  "  propositional  "  value,  such  as  "  yes  "  and  "  no  "  (by  means 
of  the  speech-centre  on  the  uninjured  side  ?).     In  addition  he  may 
have  other  words  or  phrases,  mostly  interjections  of  merely  emotional 
significance,  such  as  "  yes,"  "  no,"  "  oh  my  !"  "  damn  !"  "  by  Jove  !" 
— so-called  "  recurrent  utterances  " — which  he  utters  automatically 
when  excited,  or  when  making  an  effort  to  speak.     A  patient  who 
recovers  soon  from  his  aphasia  loses  his  recurrent  utterance,  and 
"  becomes  able  not  to  utter  it,"  i.e.  the  higher  centres  regain  control 
and  prevent  the  over-action  of  lower  centres. 

Sometimes  a  patient  who  cannot  speak  in  the  ordinary  way  may 
be  able  to  sing  the  music,  and  even  the  words,  of  a  song.     This  is 
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probably  accomplished  by  means  of  a  motor  singing-centre,  situated 
on  the  right  side  of  the  brain,  at  the  posterior  end  of  the  second  frontal 
gyrus.^  Lesions  of  this  singing- centre  may  cause  loss  of  the  power  of 
singing,  or  whistling,  melodies,  without  any  ordinary  aphasia. 

A  patient  who  has  motor  aphasia,  unlike  a  word-deaf  person,  is 
conscious  of  his  own  errors. 

{a)  Sub-CDrtical,or  Pare  Motor  Aphasia.— Here  the  patient,  though 
intelligent  and  able  to  understand  spoken  and  written  language  (by 
means  of  his  uninjured  auditory  and  visual  word-centres),  cannot 
utter  spoken  language,  whether  spontaneously  by  reading  aloud  or  by 
repeating  what  he  hears.  This  is  because  the  way-out  for  spoken 
speech  is  blocked.  But  his  mental  speech-processes  are  unimpaired, 
and  if  the  outgoing  fibres  from  the  writing-centre  are  unimpaired, 
he  is  able  to  express  himself  in  writing,  as  in  the  biblical  case  of 
Zacharias,  the  father  of  John  the  Baptist  (St.  Luke,  i.  62,  63),  and 
in  many  cases  the  patient  can  indicate  by  signs  how  many  syllables 
or  letters  are  in  the  word  which  he  desires  to  speak  but  cannot  utter. 
This  variety  of  aphasia  sometimes  occurs  in  hysteria.  The  hysterical 
aphasic  cannot  utter  any  sound  whatever,  whether  articulate  or  not. 
Recovery  from  hysterical  aphasia,  under  the  influence  of  strong  sug- 
gestion, may  occur  suddenly  and  sometimes  completely.  Zacharias 
was  probably  a  hysterical  aphasic.^ 

(6)  Cortical  Motor  AphasiaT. — This  type,  in  which  the  lesion  is 
supposed  to  be  limited  to  the  cortical  motor  speech-centre  in  the 
inferior  frontal  gyrus  and  adjacent  grey  matter  of  the  insula  and 
pre-central  gyrus,  is  less  securely  established  than  the  other  varieties. 
(Marie  denies  its  existence  altogether.)  The  patient  in  this  variety 
has  not  only  all  the  defects  of  a  sub-cortical  case,  which  we  have  just 
considered,  but,  in  addition,  his  mental  processes  of  internal  thought 
are  impaired,  since  the  co-ordination  of  memories  of  words  spoken 
and  written  by  himself  is  impaired.  He  has  therefore  difficulty  in 
understanding  complicated  sentences,  whether  spoken  or  written. 
Together  with  difficulty  in  vocal  speech  there  is  often  (though  not 
always)  associated  a  similar  difficulty  in  writing — agraphia — pro- 
portional to  the  defect  of  speech. 

Pure  isolated  agraphia,  without  any  other  symptom,  does  not 
occur,  and  as  we  have  seen,  the  commonest  variety  of  agraphia  is 
that  due  to  cortical  word- blindness.  The  study  of  agraphia  due  to 
sensory  aphasia  is  easier  than  that  associated  with  motor  aphasia 

1  Mann.,  Monatschrift  fiir  Psychiatrie,  1898,  Bd.  iv.;  K.  ^endidi,  Neurdogiaches 
Centralblatt,  1916,  p.  354. 

2  "  And  his  mouth  was  opened  immediately,  and  his  tongue  loosed,  and  he  spake, 
and  praised  God." 
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because  in  sensory  aphasia  there  is  no  necessary  motor  paralysis  of 
the  right  arm  or  hand,  whereas  sometimes  in  motor  aphasia  the 
hemiplegic  patient  has  to  make  his  attempts  at  writing  with  the  left 
hand. 

Such  are  the  chief  types  of  aphasia.  Clinically,  however,  it  is 
commoner  to  meet,  not  with  pure  auditory,  visual,  or  motor  aphasia, 
due  to  a  small  focal  lesion,  but  with  combinations  of  these,  or  with 
total  aphasia,  the  result  of  a  larger  destructive  lesion  implicating 
several  or  all  of  the  speech-centres.  Such  severe  aphasias,  of  course, 
produce  a  more  profound  degree  of  mental  deficiency,  and  inasmuch 
as  the  same  artery,  the  middle  cerebral,  supplies  not  only  the  speech- 
centres,  but  also  the  other  cortical  motor  areas  and  the  corpus  striatum 
(see  Figs.  32  and  33),  total  aphasia  is  usually  combined  with  severe 
right  hemiplegia. 

Hysterical  aphasia  is  usually  accompanied  by  other  manifestations 
of  hysteria,  and  especially  by  hysterical  hemiplegia.  It  is  paradoxical 
and  polymorphic,  and  usually  differs  from  organic  aphasia  in  some 
curious  fashion,  according  to  the  caprice  of  the  patient.  Thus,  for 
example,  a  patient  with  hysterical  aphasia  may  also  have  peculiar 
tricks  of  intonation  or  of  accent. 

Marie,!  whilst  admitting  the  existence  of  visual,  auditory  and  motor 
aphasia  as  clinical  syndromes,  denies  the  existence  of  diagrammatic  visual, 
auditory  and  motor  speech-centres,  and  attributes  all  aphasic  phenomena 
to  intellectual  deficiency  from  disintegration  of  some  part  of  Wernicke's 
zone  (which  consists  of  the  gyri  surrounding  the  extremities  of  the  Sylvian 
and  the  parallel  fissure),  which  zone  he  regards  as  an  intellectual  area. 
According  to  Marie  the  essential  fact  of  aphasia,  of  whatever  variety,  is  in- 
sufficient comprehension  of  speech.  He  adduces  evidence  to  show  that 
Broca's  convolution  plays  no  special  part  in  the  function  of  speech  except 
in  so  far  as  it  contains  certain  motor  centres  for  the  face,  tongue  and  larynx. 
In  fact  he  discards  a  special  vocal- word  centre  j  ust  as  others  discard  a  motor 
centre  for  writing.  The  syndrome  of  motor  aphasia  is  explained  by  him  as 
due  to  intellectual  deficiency  'plus  articulative  anarthria,  this  latter  being 
due  to  a  lesion  of  the  lenticular  zone  (comprising  the  lenticular  nucleus  and 
its  surrounding  white  matter).  In  other  words,  he  regards  motor  aphasia 
simply  as  a  sensory  aphasia  minus  the  power  of  speech.  The  intellectual 
processes  of  sjieech  in  right-handed  patients  are  localised  in  the  left  hemi- 
sphere, whereas  anarthria  may  be  produced  by  a  lesion  of  either  lenticular 
zone. 

But  though  seductive  in  their  simplicity,  there  are  certain  obstacles 
to  accepting  Marie's  views  in  their  entirety.  Even  supposing  that  the 
only  real  varieties  of  aphasia  are  sensory,  and  admitting  that  some  defect  of 
intelligence  is  present  in  every  case,  it  seems  none  the  less  probable  that 
visual  and  auditory  speech-centres  do  exist,  and  that  lesions  of  these  centres, 
rather  than  mere  intellectual  deficiency,  are  the  cause  of  the  well-defined 
clinical  types  of  sensory  aphasia.  As  Dejerine  has  urged,  we  may  have 
advanced  dementia  from  undoubted  cortical  disease,  as  in  general  paralysis, 

'  Semaine  JUidicaie,  1906,  Nos.  21,  42,  and  48. 
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without  any  aphasia  whatever,  sensory  or  motor.  It  therefore  seems  prob- 
able that  the  diminution  of  intelligence  which  is  seen  in  aphasic  patients  is 
due  to  interference  with  cortical  sensorial  processes,  producing  disruption 
of  the  cerebral  mechanism  of  speech,  rather  than  that  the  aphasic  phenomena 
should  be  regarded  as  secondary  to  intellectual  defect. 

With  regard  to  Marie's  conception  of  motor  aphasia  as  a  mere  combina- 
tion of  intellectual  deficiency  with  anarthria,  it  may  also  be  objected  that 
this  theory  fails  to  account  for  the  presence  of  well-articulated  "recurrent 
utterances"  such  as  are  present  in  most  patients  with  complete  motor 
aphasia.  If  anarthria  alone  were  the  cause  of  the  speech-loss,  it  ought  to 
render  tiie  articulation  of  all  words  difficult.  Moreover,  the  cortical  vocal- 
word-centre  is  not  limited  to  Broca's  convolution,  but  probably  extends 
into  the  insula  and  to  the  neighbouring  part  of  the  pre-central  gyrus.  So 
that  there  is  no  insuperable  difficulty  in  the  existence  of  a  lesion  limited  to 
Brocas  convolution  unaccompanied  by  aphasia. 

Apraxia  is  the  inability  to  execute  certain  famUiar  purposive 
movements  witb  tbe  limbs,  when  there  is  neither  motor  paralysis, 
sensory  disturbance,  nor  ataxia  of  the  limb,  nor  any  intellectual 
impairment.  It  is  tested  by  handing  the  patient  objects — such  as 
scissors,  key,  comb,  drinking-glass,  button-hook,  a  pack  of  cards, 
a  box  of  matches,  etc. — and  observing  whether  he  knows  how  to 
use  them.  Apraxia  of  the  muscles  of  the  limbs  is  analogous  to  motor 
aphasia  of  the  speech-musv.  .es.  Certain  functions,  comparable  to 
the  functions  of  speech,  have  their  cortical  centres  situated  in  the 
first  and  second  frontal  gyri  of  the  left  hemisphere,  these  centres 
being  connected  with  the  corresponding  centres  in  the  right  hemisphere 
by  means  of  the  anterior  fibres  of  the  corpus  callosum. 

Apraxia  may  be  either  sensory  or  motor  in  type.  Thus  if  an 
apraxic  patient  be  handed  a  tooth-brush  or  a  key,  and  asked  "  How 
d^  you  use  this  ?"  he  may  put  it  in  his  mouth  and  try  to  smoke  it  like 
a  cigar.  Such  apraxia  is  sensory  in  origin,  due  to  failure  of  recognition 
(agnooia).  On  the  other  hand,  suppose  he  recognises  it  as  a  tooth- 
brush or  a  key  and  that  he  may  even  name  it  and  tell  what  it  is  for, 
but  when  asked  to  use  it  he  fumbles  aimlessly  with  it,  his  apraxia  is 
motor  in  type.  To  take  another  example,  motor  apraxia  of  the  tongue 
is  often  seen  in  a  hemiplegic  patient  who  fails  to  protrude  his  tongue 
when  told  to  do  so,  but  can  still  lick  his  lips  unconsciously.  Some- 
times the  apraxic  patient  cannot  perform  a  given  series  of  purposive 
movements  unless  he  has  the  sensory  stimulus  of  the  object  in  his 
hand,  with  which  the  movements  are  associated.  For  example,  an 
apraxic  cornet-player  could  not  purse  up  his  lips  to  blow  the  instru- 
ment unless  he  had  the  actual  mouthpiece  at  his  lips.  Agraphia, 
which  we  have  already  described,  is  to  be  regarded  as  a  variety  of 
apraxia,  and  may  be  either  of  sensory  or  of  motor  origin. 

Over  95  per  cent,  of  people  are  right-handed.  In  them  the  left 
cerebral  hemisphere  is  the  dominant  one  and,  besides  controlling  the 
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limbs  of  the  right  aide  of  the  body,  it  exercises  a  potent  influence 
upon  the  right  cerebral  hemisphere  by  mear^  of  the  commissural 
fibres  of  the  corpus  callosum.  Thus  many  movements  of  the  left 
limbs  are  initiated  by  the  left  hemisphere,  so  that  a  left-sided  cortical 
or  sub-cortical  lesion,  if  implicating  the  corpus  callosum,  may  produce 
not  only  right-sided  hemiplegia  or  monoplegia,  but  also  apraxia 
of  the  non-paralysed  left  hand.  Such  apraxia  of  the  ipso-lateral 
hand  is  evidence  of  a  lesion  of  the  fibres  of  the  corpus  callosum. 
Apraxia  is  associated  with  lesions  of  the  left  hemisphere  much  oftener 
than  with  right-sided  lesions. 


Right 


Left  Hand_^„ji^ 


Fight  Hand 


...%i0' 


Fio.  63. — Diagram  illustrating  relation  of  corpus  callosum  to  apraxia. 

Fig.  53  is  a  diagrammatic  representation  of  the  above-mentioned 
points,  which  shows  that : — 

1.  A  left-sided  cerebral  lesion  at  or  close  beneath  the  arm- centre  pro- 

duces right  monoplegia  or  hemiplegia,  whilst  the  left  arm  becomes 
apraxic. 

2.  A  lesion  of  the  left  internal  capsule,  where  the  commissural  fibres 

are  umnj\ired,  causes  right-sided  hemiplegia,  without  apraxia. 

3.  A  lesion  of  the  corpus  callosum  (or  of  the  left  centrum  ovale  implicating 

callosal  fibres)  will  cause  left-sided  apraxia  (from  loss  of  the  guid- 
ance of  the  left  arm-centre  over  the  right),  without  hemiplegia  on 
either  side. 

4.  A  lesion  of  the  right  frontal  lobe  may  interrupt  the  callosal  fibres 

passing  from  the  left  to  the  right  arm-centre  without  injuring  the 
pyramidal  fibres  from  the  right  centre  to  the  left  hand.  In  such  a 
case  we  have  a  left-sided  apraxia  from  a  right-sided  lesion. 


CHAPTER  VIII 

DISORDEKS  OF  ARTICULATION 

It  is  necessary  to  distinguish  clearly  between  speech  and  articulation. 
Speech  is  a  cortical  function,  articulation  is  mainly  bulbar. 

Disordered  articulation,  or  dysarthria,  signifies  difficulty  in  per- 
forming the  co-ordinated  muscular  movements  necessary  for  the 
production  of  the  consonants  and  vowels  which  go  to  form  syllables 
and  words. 

In  simple  dysarthria  there  is  no  affection  of  the  cortical  centres 
or  paths  which  are  concerned  in  the  processes  of  speech  proper.  A 
patient,  for  example,  who  has  advanced  bulbar  palsy,  even  when 
he  is  unable  to  articulate  a  single  word,  is  not,  strictly  speaking, 
speechless.  He  is  inarticulate,  which  is  quite  a  diiTerent  thing.  His 
mental  speech- processes  remain  normal,  he  can  still  express  himself 
fluently  in  written  speech,  and  he  is  able  to  understand  everything 
he  hears  or  sees. 

The  peripheral  mechanism  of  vocal  speech  is  partly  musical  (or 
voiced),  consisting  in  vibration  of  the  approximated  vocal  cords. 
It  is  also  partly  consonantal  (or  voiceless),  consisting  in  the  co-ordi- 
nated action  of  numerous  muscles  of  the  lips,  tongue,  palate,  and 
pharynx.  The  term  * '  articulation ' '  is  specially  applied  to  the 
mechanism  of  consonantal  pronunciation. 

To  test  a  patient's  power  of  articulation,  we  listen  to  his  ordinary 
conversation,  or  we  ask  him  to  read  aloud  a  passage  from  a  book 
or  newspaper,  and  notice  how  he  pronounces  his  words.  Then,  if 
he  shows  any  abnormality  in  connection  with  particular  consonants, 
we  ask  him  to  repeat  "  catch  "  words,  chosen  so  as  to  present  special 
difficulties,  e.g.  "British  constitution,"  "biblical  criticism,"  "West 
Register  Street,"  "hippopotamus,"  "Burgess's  fish-sauce  shop." 
With  a  French  patient  useful  catch-phrases  are  "  ecole  polytech- 
nique,"  "  chasseur,  sachez  chasser  !"  "  chirurgien  du  trente-troisieme 
d'artillerie." 

Difficulties  of  articulation  are  the  result  of  defects,  consisting 
either  in  paralysis  or  inco-ordination,  of  certain  groups  of  muscles 
in  the  lips,  tongue,  palate,  pharynx,  or  larynx.  The  underlying 
defect  may  either  be  in  the  bulbo-muscular  neurones  (comprising  the 
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pontine  and  medullary  nuclei,  the  peripheral  motor  nerves  and  the 
muscles),  or  it  may  be  due  to  supra-nuclear  affections  in  the  cortico- 
bulbar  neurones,  at  some  point  between  the  higher  speech-centres  and 
the  bulbar  nuclei.     Or  it  may  be  due  to  ataxia  of  the  organs  of  speeh. 

Infra-nuclear  and  Nuclear  Affections  of  Articulation. — Articulation 
may  be  impaired  as  a  result  of  paralysis  of  any  of  the  motor  nerves 
or  nuclei  supplying  the  articulative  muscles. 

Unilateral  hypoglossal  paralysis  (as  in  the  case  of  a  business  man 
shown  in  Fig,  84,  in  whom  this  nerve  was  divided  by  a  stab  in  the 
neck  dealt  by  a  discharged  employe)  produces  motor  paralysis  fol- 
lowed by  atrophy  of  the  corresponding  half  of  the  tongue.  The 
paralysed  half-tongue  feels  to  the  patient  as  if  he  had  a  foreign  body 
in  his  mouth.  This  makes  his  articulation  clumsy,  lisping  and  in- 
distinct, especially  in  the  case  of  linguo-dental  (S,  Z,  Th)  and  of 
anterior  linguo-palatal  consonants  (T,  D,  L,  R).  But  after  a  few  days 
the  patient  becomes  accustomed  to  the  feeling  of  his  palsied  half- 
tongue,  and  his  articulative  difficulty  to  a  large  extent  disappears. 

Facial  palsy,  from  its  afTection  of  the  lips,  renders  labials  (P,  B) 
and  labio-dentals  (F,  V)  indistinct,  especially  so  when  the  palsy  is 
bilateral. 

Bilateral  paralysis  of  the  palate,  e.g.  post- diphtheritic  paralysis, 
and  syphilitic  perforation  of  the  palate,  produce  the  same  articulative 
difficulty  as  in  congenital  cleft  palate,  inasmuch  as  the  nasal  cavity 
cannot  be  shut  off  from  the  mouth.  As  a  result  the  voice  is  nasal, 
and  certain  consonants  are  altered  (B  becomes  M,  D  becomes  N, 
K  becomes  Ng,  and  so  on),  so  that  articulation  as  a  whole  is  indistinct. 
This  indistinctness  of  articulation  is  increased  when  the  patient  stoops 
forwards:  it  diminishes  or  even  disappears  on  lying  with  the  head 
thrown  backwards,  since  in  the  latter  position  the  paralysed  soft 
palate  tends  to  fall  back  by  its  own  weight  and  shuts  off  the  naso- 
pharynx.^ 

Total  paralysis  of  the  palate  is  also  associated  with  difficulty  in 
deglutition,  especially  with  liquids,  which  during  the  act  of  swallow- 
ing regurgitate  into  the  naso-pharynx  and  escape  through  the  anterior 
nares. 

Unilateral  paralysis  of  the  recurrent  laryngeal  nerve,  if  complete, 
renders  the  voice  hoarse,  by  paralysing  one  vocal  cord,  and  so  inter- 
fering with  the  phonation  of  vowels,  but  not  with  the  articulation  of 
consonants.  If  the  vagus  root  be  affected  at  its  point  of  exit  from 
the  medulla,  the  soft  palate  is  often  paralysed  on  the  same  side  (see 
later,  Cranial  Nerves).  But  unilateral  palatal  palsy,  unlike  bilateral, 
does  not  affect  the  articulation  of  consonants. 

1  Schlesinger,  Neurologisches  CentralhlaU,  1906,  p.  60. 
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Articulation  may  also  become  indistinct  from  disease  of  the  bulbar 
nuclei— so-called  glosso-labio-laryngeal  paralysis,  or  bulbar  palsy. 
In  this  disease  there  is  a  diffuse,  progressive  weakness  of  the  muscles 
of  articulation,  with  atrophy  and  fibrillary  tremors  of  the  muscle- 
fibres,  especially  those  of  the  tongue  and  lips.  Articulation  becomes 
more  and  more  indistinct,  saliva  dribbles  from  the  patient's  trembling 
lips,  and  in  advanced  cases  there  is  interference  with  swallowing  and 
coughing.  If,  as  is  often  the  case,  bulbar  palsy  is  an  upward  extension 
of  an  amyotrophic  lateral  sclerosis,  there  may  be  a  concomitant 
muscular  atrophy  and  fibrillary  tremor  in  the  muscles  of  the  upper 
limbs,  especially  in  the  intrinsic  hand  muscles.  Owing  to  affection 
of  the  pyramidal  tracts,  there  is  also  exaggeration  of  the  deep  reflexes 
and  general  spasticity,  especially  of  the  lower  limbs. 

There  is  a  form  of  myopathy — the  facio-scapnlo-humeral  type  of 
Landouzy  and  Dejerine,  in  which  the  facial  muscles  are  atrophied. 
This  affection  is  a  bilateral  one  and  the  patient's  lower  lip  protrudes 
in  a  characteristic  fashion  which  has  been  termed  the  "  tapir"  type 
of  lip.  He  has  also  a  peculiar  "  transverse  "  smile.  In  severe  cases 
of  this  disease  the  articulation  of  labial  consonants  becomes  impaired 
just  as  it  does  in  double  facial  palsy. 

Myasthenia  yraiis,  when  it  affects  the  bulbar  muscles,  reproduces 
all  the  features  of  bulbar  palsy,  with  this  difference,  that  the  paralysis 
varies  in  its  degree  from  time  to  time,  becoming  accentuated  by 
fatigue.  After  a  period  of  rest  a  patient  thus  affected  may  resume  with 
normal  articulation,  but,  if  he  continues  to  speak,  his  muscles  gradu- 
ally become  exhausted,  and  his  articulation  becomes  more  and  more 
indistinct.  Not  only  the  lips  and  tongue,  but  the  ocular  muscles, 
the  muscles  of  mastication  and  various  muscles  of  the  trunk  and 
limbs,  show  evidence  of  temporary  paralysis  or  fatigue,  and  ultimately 
the  patient  succumbs  to  fatigue  of  his  respiratory  muscles. 

Articulative  Ataxia. — There  are  some  diseases  in  which  articu- 
lation becomes  indistinct,  not  from  paralysis  of  the  muscles  but  from 
ataxia. 

In  recent  and  acute  cerebellar  lesions,  e.g.  from  encephalitis  or 
from  bullet-wounds  of  the  cerebellum,  articulation  becomes  slow, 
laboured,  and  monotonous,  with  a  curious  jerky  irregularity.  Phona- 
tion,  as  a  rule,  is  even  more  affected  than  articulation,  and  the  voice 
is  curiously  explosive.  Cerebellar  dysarthria  is  mainly  due  to  aoynergia 
of  the  laryngeal  and  articulatory  muscles.  If  the  patient  survives 
his  lesion,  this  dysarthria  tends  gradually  to  subside. 

The  articulation  in  some  cases  of  disseminated  sclerosis  assumes  a 
peculiar  so-called  "staccato"  character,  probably  due  to  cerebellar 
disease.     In  this  variety  the  words  are  enunciated   in  a  curious, 
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jerky,  mincing  manner,  very  difficult  to  describe,  but  easy  to  recog- 
nise, once  it  has  been  heard.  This  is  sometimes  called  the  "  scanning  " 
speech,  from  its  fancied  resemblance  to  the  scansion  of  Latin  or 
Greek  verse. 

In  Friedreich's  ataxia  the  articulation  becomes  slow,  thick,  and 
clumsy,  and  the  patient  talks  as  if  he  had  a  foreign  body  in  his  mouth, 
so  that  his  speech  has  been  aptly  termed  the  "  hot-potato  "  speech. 
The  pitch  of  the  voice  in  this  disease  may  vary  from  word  to  word, 
and  in  advanced  cases  a  certain  degree  of  mental  feebleness  is  often 
superadded. 

In  laryngeal  tabes,  in  which  the  larynx  is  affected  by  ataxy,  the 
voice  is  tremulous,  and  when  a  tabetic  patient  has  ataxia  of  the 
tongue  his  articulation  becomes  laboured.  This  lingual  trouble  in 
tabes  is  often  associated  with  a  peculiar  constant  rolling  movement 
of  the  tongue  on  the  floor  of  the  mouth,  even  when  the  patient  is 
not  speaking.  The  patient  often  has  an  annoying  subjective  sensa- 
tion in  his  tongue,  as  if  it  were  covered  with  blotting-paper,  which  he 
tries  to  get  rid  of  by  the  restless  rolling  of  his  tongue. 

Supra-nuclear,   or    Cortico-bulbar   Affections    of   Articulation. — 

Articulation  may  be  affected  where  the  upper  or  cortico-nuclear 
neurones  are  involved.  The  slurring  articulation  of  many  cases  of 
acute  alcoholic  intoxication  is  familiar  to  lay  observers,  being  especi- 
ally marked  in  the  pronunciation  of  labial  and  of  anterior  linguo- 
dental  consonants.  In  rare  instances  alcoholic  dysarthria  persists 
for  days  after  the  alcoholic  celebration.  Tollmer  and  other  French 
authorities  ascribe  this  circumstance  to  cerebellar  intoxication.  Many 
alcoholic  patients  realise  their  own  articulative  difficulty,  and  in 
endeavouring  to  compensate  for  it,  they  utter  certain  words  with  a 
deliberation  and  undue  emphasis  that  betrays  them. 

Very  similar  to  the  alcoholic  articulation  is  that  of  general  paralysis 
of  the  insane.  But  the  typical  general  paralytic  shows  also  a  char- 
acteristic fibrillary  tremor  of  all  the  muscles  around  the  lips  and 
nose. 

Both  in  acute  alcoholism  and  in  general  paralysis  there  is  often 
a  tendency  to  choose  an  occasional  wrong  word,  or  to  misplace  syl- 
lables. Such  defects  are  not  bulbar  but  cortical  in  origin.  In  the 
later  stages  of  general  paralysis,  articulation  may  be  totally  unin- 
telligible, reduced  to  a  mere  mumble. 

After  an  attack  of  right- sided  hemiplegia,  the  patient  is  often 
aphasic.  But  even  in  a  left-sided  hemiplegia  where  no  true  ajjhasia 
exists,  it  is  not  uncommon  to  find  a  temporary  change  in  the  articu- 
lation, which  loses  its  crispness,  and  becomes  somewhat  laboured 
and  indistinct.    This  dysarthria  usually  passes  oft"  after  a  few  days, 
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but  sometimes  persists  permanently,  in  varying  degree,  especially 
if  the  lesion  involves  the  lenticular  nucleus.  A  lesion  of  the  left 
lenticular  produces  greater  dysarthria  than  one  of  the  right  nucleus.^ 
The  dysarthria  of  lenticular  disease  is  due  mainly  to  spasticity  of  the 
muscles  of  articulation.^ 

In  cases  in  which  a  patient  has  a  bilateral  hemiplegia  we  often 
meet  with  "  pseudo-bulbar "  paralysis.  The  most  common  history 
is  that  there  have  been  one  or  more  hemiplegic  attacks,  all  confined 
to  the  same  side,  but  at  last  the  patient  has  an  attack  on  the  opposite 
side.  This  now  produces,  in  addition  to  the  classic  signs  of  a  double 
hemiplegia,  pseudo-bulbar  paralysis,  with  thick,  indistinct  articula- 
tion, closely  resembling  that  of  true  bulbar  palsy  and  with  the  same 
dribbling  of  saliva,  difficulty  in  swallowing,  coughing,  etc.,  but  with- 
out atrophy  or  fibrillary  tremors  of  the  affected  muscles.  The  pseudo- 
bulbar patient  is  emotionally  irritable;  he  laughs,  or  more  often  cries, 
on  slight  provocation,  and,  unlike  the  subject  of  true  bulbar  paralysis, 
he  is  generally  somewhat  deficient  mentally.  There  is  usually  a 
history  of  successive  (more  rarely  of  simultaneous)  attacks  of  hemi- 
plegia on  opposite  sides  of  the  body. 

Bilateral  athetosis  is  a  disease  which  is  usually  congenital,  although 
the  symptoms  do  not  necessarily  appear  at  birth,  but  may  begin  in 
childhood  or  even  in  adolescent  life.  The  disease  gradually  increases 
in  severity.  It  is  characterised  by  wild  wriggling  and  twisting  move- 
ments of  all  the  limbs,  chiefly  on  attempted  voluntary  movements 
(but  sometimes  spontaneously,  when  no  effort  is  being  made),  and 
by  grimacing  of  the  face,  together  with  spastic  rigidity  of  the  affected 
muscles  (see  Figs.  54  and  55).  There  is  generally  a  certain  degree 
of  mental  deficiency.  In  this  malady  there  is  a  congenital  atrophy, 
so-called  "  etat  marbre,"  of  the  corpus  striatum,  with  diminution  or 
total  loss  of  its  normal  ganglion-cells  which  are  replaced  by  a  fine 
network  of  nerve-fibres.  The  disease  is  probably  due  to  degeneration 
of  the  extra-pyramidal,  neo-striate  system  of  cells,  situated  in  the 
caudate  nucleus  and  putamen^  (see  p.  10).  The  pyramidal  tracts  are 
unaffected,  and  the  plantar  reflexes  are  usually  of  the  normal  flexor 
type.  In  this  disease  articulation  is  often  affected.  The  grimaces 
of  the  face  and  of  the  tongue  muscles  interfere  considerably  with 
articulation.  Moreover,  irregular  spasmodic  contractions  of  the 
diaphragm  and  other  respiratory  muscles  give  the  voice  a  curiously 
jerky  or  groaning  character,  due  to  sudden  interruptions  of  breathing. 

In  paralysis  agitans,  as  the  disease  advances,  the  patient's  voice 

1  Mingazzini,  Sulla  sintomatdogia  delle  lesione  del  nucleo  lenikolare,  1902. 
-  Wilson,  "  Progressive  Lenticular  Degeneration,"  Brain,  1912. 
3  Ceciie  Vogt,  N eurdogische^  Cenlralblatt,  1911,  p.  3i)7. 
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becomes  thin,  feeble  and  reduced  almost  to  a  monotone,  whilst  his 
articulation,  like  his  gait,  acquires  a  "festinant"  character.  When 
speaking,  he  begins  slowly,  but  towards  the  ends  of  sentences  or  long 
words  he  tends  to  huiry,  so  that  the  final  syllables  are  pronounced 
hastily.  Together  with  this  we  have  the  characteristic  rigid, 
"starched,"  expressionless  face,  the  Parkinsonian  mask,  commencing 
unilaterally  and  ultimately  becoming  bilateral. 

In  severe  cases  of  cJiorea  the  articulation  may  be  interfered  with, 
owing  to  sudden  violent  movements  of  the  face,  tongue,  and  respiratory 


Fig.  54. 


Fig.  55. 


Figs.  54  and  55. — Bilateral  athetosis  in  a  girl  of  17.     Ite  patient  was  a  'J  months 
child.     She  had  also  signs  of  stenosis  of  the  pulmonary  artery. 

muscles.  Speech  becomes  hesitating  and  jerky,  and  in  very  bad  cases 
the  voice  may  be  reduced  to  a  whisper. 

There  are  also  affections  of  articulation  due  to  functional  cortical 
disturbances.  Of  these  the  most  familiar  is  stammering.  This  is 
commonest  in  individuals,  usually  above  the  average  intelligence,  who 
have  a  congenital  psychasthenic  tendency.  Other  cases  of  stammering 
are  hysterical  in  origin,  sometimes  due  to  imitation  of  other  stam- 
merers, sometimes  arising  by  auto-suggestion. 

Stammering  consists  in  a  want  of  co-ordination  between  the  vocal 
(laryngeal)  and  consonantal  (oral)  mechanisms  of  speech,  so  that,  in 
the  common  type,  the  patient  sticks  at  an  initial  consonant  or  an 
initial  syllable,  which  he  often  continues  to  repeat,  over  and  over 
again,  before  he  finally  succeeds  in  enunciating  the  rest  of  the  word, 
e.g.  "  p-p-p-p-p-perfectly  cha-cha-cha-cha-charming."    He  misdirects 
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his  energy  on  the  consonants,  instead  of  touching  them  lightly  and 
passing  on  to  the  vowel  sounds.  The  severity  of  a  stammer  is  generally 
increased  by  emotional  excitement.  Most  stammerers  lose  their 
stammer  when  they  sing,  their  attention  being  then  directed  to  the 
vocal  part  of  speech.     The  vast  majority  of  stammerers  are  males, 

A  rarer  variety  of  stammering  is  that  in  which  the  patient  sticks 
at  initial  vowels.  This  is  due  to  temporary  spasm  of  the  falae  vocal 
cords,  and  the  patient  remains  with  his  mouth  wide  open  until  the 
spasm  relaxes,  when  his  words  suddenly  rush  forth  in  a  hurried  stream 
until  he  has  no  breath  left.  He  then  takes  another  breath  and  the 
precipitate  rush  again  occurs.^ 

Many  stammerers  acquire  various  tricks,  chiefly  through  their 
efforts  to  overcome  the  stammer.  Thus  extra  noises  may  be  thrown 
in,  e.g.  sudden  inspiratory  grunting  or  whooping  noises,  or  the  patient 
may  make  grimaces  or  curious  contortions  of  his  limbs. 

This  leads  us  to  recall  the  various  articulation  tics  or  habit-spasms 
which  are  met  with  in  psychasthenic  patients,  either  in  conjunction 
with  stammering  or  independently  of  it.  These  may  be  of  the 
most  varied  character.  The  patient's  speech  may  be  interrupted  by 
weird  pharyngeal  barking  or  grunting  noises.  Or  the  articulation 
may  be  monosyllabic,  a  whole  breath  being  taken  for  each  syllable. 
Or,  again,  it  may  be  jumbled  up  in  the  most  extraordinary  ways, 
though  the  "tiqueur"  usually  interpolates,  now  and  then,  a  clearly 
articulated  sentence  or  phrase  amongst  other  unintelligible  ones. 
Hysterical  aphonia  is  fairly  common,  and  can  usually  be  recognised 
by  the  history,  together  with  the  characteristic  laryngeal  appearances. 
We  also  meet  with  cases  of  hysterical  mutism,  in  which  the  patient 
does  not  utter  even  a  whispered  word.  Nevertheless  he  has  an  abun- 
dant stock  of  pantomimic  gestures  and  can  also  express  his  ideas 
fluently  by  writing. 

Deaf-imutes  are  the  patients  who  are  popularly  known  as  "  deaf 
and  dumb."  A  normal  child  learns  to  speak  by  imitating  words 
which  he  hears.  If  a  child  be  congenitally  deaf,  he  does  not  learn 
to  speak,  but  remains  deaf  and  dumb.  Moreover,  if  he  is  born  with 
normal  hearing,  but  subsequently  becomes  deaf,  e.g.  from  middle- 
ear  disease  or  from  meningitis,  before  the  age  of  about  six  years,  he 
usually  loses  his  power  of  speech.  Such  deaf-mutes  can  generally  be 
taught  to  speak  again  by  the  oral  or  "lip-reading"  method,  where 

'  Cathcart  has  pointed  out  that  this  variety  of  stammering  ia  deEcribed  in  Shake- 
speare's As  You  Like  It  (Act  iii.,  Scene  2)  as  follows: — 

"I  would  thou  couldst  stammer,  that  thou  mightst  pour  this  concealed  man 
out  of  thy  mouth,  as  wine  comes  out  of  a  narrow-necked  bottle,  either  too  much  at 
once,  or  none  at  all.  I  prithee,  take  the  cork  out  of  thy  mouth  that  I  may  drink 
thy  tidings." 
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the  child  imitates  the  movements  of  his  teacher's  muscles  of  articula- 
tion and  also  learns  to  phonate,  though  usually  with  a  harsh,  dis- 
cordant voice.  But  even  deaf-mutes  who  have  never  been  taught 
to  speak  usually  make  noises  of  some  sort  or  other,  often  pharyngeal 
snorts  and  grunts,  or  spluttering  labial  noises,  and  less  frequently 
laryngeal  sounds.  They  do  this  especially  when  excited.  This  was 
the  case  with  a  deaf-mute  who  used  to  make  weird  snorting  noises 
when  playing  football.  These  doubtless  helped  to  smite  terror  into 
the  hearts  of  the  opposite  side.  The  congenital  deaf-mute  is  usually 
brighter  and  more  clever  than  the  deaf-mute  whose  deafness  was 
acquired.  Deaf-mutes  generally  have  a  wonderful  command  of 
gestures  and  signs. 

Deaf-mutism  constitutes  a  common  variety  of  war-neurosis  after 
shell-explosions.  The  soldier  is  flung  to  the  ground,  or  perhaps  even 
partially  buried,  by  a  bursting  shell,  and  may  be  rendered  uncon- 
scious, although  this  latter  is  not  essential.  He  immediately  finds 
himself  mute  or  deaf-mute.  A  considerable  proportion  of  such 
patients  can  be  rapidly  cured  by  suggestion,  sometimes  aided  by  the 
administration  of  a  general  anaesthetic. 

The  dumbness  which  is  present  in  profound  degrees  of  idiocy  is 
not  an  articulative  difficulty,  but  a  true  speech  affection  due  to  mal- 
development  of  the  cortical  speech-centres.  An  imbecile  child  is 
speechless  because  he  has  no  ideas  to  express;  in  this  respect  he  differs 
from  the  deaf-mute,  who  is  often  bright  and  intelligent. 

Certain  varieties  of  deficient  articulation  are  met  with  in  children 
or  in  adults  who  are  mentally  more  or  less  childish.  The  condition 
known  as  lalling  consists  in  a  want  of  precision  in  the  pronunciation 
of  certain  consonants.  Thus  a  patient  may  substitute  the  uvular  R 
for  the  ordinary  linguo-palatal  R,  or  he  may  substitute  V  or  Th  or 
W  for  R,  so  that  "broken  reed"  becomes  "  bwoken  weed."  Or, 
again,  the  patient  may  substitute  Th  for  S  and  is  then  said  to  lisp. 
These  last  two  varieties  are  sometimes  voluntarily  assumed,  as  a 
fashionable  affectation,  by  young  men  not  overburdened  with  brain 
power.  More  serious  varieties  of  lalling  are  where  the  letter  L  is 
replaced  by  some  other  consonant,  so  that  "elephant"  may  be 
pronounced  as  "  edephant,"  "  esephant,"  "  enephant,"  "  erephant," 
etc.  Still  worse  is  it  when  the  patient  has  difficulty  with  K  or  G, 
their  places  being  taken  by  T  and  D  respectively. 

As  a  general  rule,  it  may  be  stated  that  lalling  on  a  single  con- 
sonant does  not  necessarily  indicate  defective  intellect,  whereas 
lalling  on  many  consonants,  if  the  patient  has  passed  the  age  of  child- 
hood, should  arouse  the  suspicion  of  mental  deficiency,  although 
lalling  is  a  normal  stage  in  the  process  of  learning  to  speak. 
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Finally,  there  is  the  condition  known  as  idioglossia,  in  which  from 
difficulty  in  pronouncing  his  consonants  a  child  retains  the  correct 
vowels  but  substitutes  other  consonants  and  seems  to  speak  a  new 
language  of  his  own.  The  child  is  usually  mentally  bright  and  under- 
stands all  that  is  said  to  him.  He  talks  volubly  but  unintelligibly. 
As  a  rule  he  completely  outgrows  the  weakness  in  course  of  time. 


CHAPTER  IX 

CRANIAL  NERVES 

The  recognition  of  cranial  nerve  palsies  is,  diagnostically,  of  the 
utmost  importance,  nor  is  it  a  matter  of  such  difficulty  as  is  commonly 
imagined. 

First,  or  Olfactory  Nerves. — 

From  a  small  area  of  mucous  membrane,  in  the  upper  part  of  the  nasal 
cavity,  there  arise  the  unmyelinated  olfactory  fibres.  These  pierce  the 
cribriform  plate  of  the  ethmoid  bone  in  about  twenty  small  bundles  and 
terminate  in  the  superjacent  olfactory  bulb.  Intermingled  with  these 
fibres  are  the  fibres  of  the  nervus  terminalis  whose  function  is  unknown 
and  the  fibres  of  which  leave  the  olfactory  fibres  above  the  olfactory  bulb. 

To  test  the  sense  of  smell,  we  direct  the  patient  to  close  his  eyes. 
We  then  hold  aromatic  substances,  such  as  oil  of  cloves,  peppermint, 
turpentine,  or  asafoetida,  in  front  of  each  nostril  in  turn,  closing  the 
other  nostril  with  the  finger.  Ammonia  or  acetic  acid  must  not  be 
used  to  test  the  sense  of  smell,  since  these  stimulate  the  fifth  nerve 
(common  sensation),  and  may  produce  a  pungent  sensation  in  the  nose, 
even  when  the  sense  of  smell  is  lost. 

Anosmia,  or  loss  of  the  sense  of  smell,  is  sometimes  of  diagnostic 
value.  It  may  occur,  for  example,  in  congenital  absence  of  the 
olfactory  nerves,  in  lesions  of  the  olfactory  bulb  or  olfactory  tract, 
in  some  frontal  tumours,  in  tabetic  atrophy  of  the  olfactory  nerves, 
and  in  injuries  of  the  anterior  fossa  of  the  skull.  It  also  often  occurs 
unilaterally  in  hysterical  hemiplegia  and  is  then  associated  with 
diminution  of  the  other  special  senses  on  the  hemiplegic  side.  But 
the  value  of  anosmia  as  a  symptom  is  lessened  by  the  fact  that 
numerous  local  obstructive  conditions  in  the  nose,  e.g.  nasal  polypi 
or  even  a  simple  cold  in  the  head,  also  produce  loss  of  smell,  so-called 
respiratory  anosmia. 

Parosmia,  or  perverted  sense  of  smell,  is  always  cortical  in  origin. 
Various  subjective  hallucinations  of  smell  occur  not  only  in  mental 
disease  but  also  in  gross  lesions  of  the  imcinate  gyrus,  which  is  the 
cortical  olfactory  centre.  But  here  again  local  nasal  conditions  may 
also  cause  olfactory  sensations,  e.g.  the  unpleasant  odour  perceived 
by  a  patient  suffering  from  empyema  of  the  antrum  of  Highmore 
from  which  horribly  offensive  pus  is  escaping  into  the  nose.     On  the 
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other  hand,  in  ozsena  from  chronic  atrophic  rhinitis  the  ofiensive 
smell  is  not  perceived  by  the  patient,  although  painfully  evident  to 
his  neighbours. 

Paroxysmal  parosmia,  preceded  by  a  disagreeable  sensation  of 
irritation  at  the  root  of  the  nose,  and  sometimes  followed  by  violent 
sneezing  and  sudden  secretion  of  nasal  mucus,  may  occur  as  a  nasal 
crisis  in  tabes.-^ 

Second,  or  Optic  Nerve. — Strictly  speaking,  this  is  not  a  true 
peripheral  nerve.  Its  essential,  receptive  part,  the  retina,  both 
developmentally  and  structurally,  is  a  part  of  the  brain,  and  the  so- 
called  optic  nerve  is  a  true  cerebral  tract. 


Fig.  56. — Diagram  of  pons  and  medulla,  showing  cranial  nerves. 

The  optic  nerve  contains  not  only  visual  fibres,  but  also  the  afferent 
fibres  for  the  pupillary  reflex. 

We  have  already  referred  to  the  course  of  the  visual  path  from 
retina  to  cortex  (Fig.  29,  p.  38).  In  testing  vision  we  should  deter- 
mine risual  acuity  by  means  of  test  types  at  a  fixed  distance,  such  as 
six  metres.  Using  Snellen's  types,  of  which  the  largest  should  be 
readable  at  sixty  metres,  and  the  smallest  at  six  metres,  we  direct 
the  patient  to  read  the  letters  from  above  downwards.  If  his  vision 
is  normal  he  will  be  able  to  read  the  smallest  type  at  six  metres. 
His  visual  acuity  is  then  represented  as  V=  f .  But  if  he  can  only 
read  down  as  far  as  the  type  which  ought  to  be  visible  at  thirty  metres, 
then  V  =  JV-  Each  eye  should  be  tested  separately,  the  test  types 
being  well  illuminated  and  the  patient  standing  with  his  back  to 
the  light.  When  the  visual  acuity  is  much  impaired,  the  patient 
may  not  see  even  the  largest  type,  but  can  only  count  fingers  at  a 

'  Klippel  and  Lhermitte,  Semaine  Medicale,  Feb.  17,  1909. 
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short  distance,  or  perhaps  can  only  tell  light  from  darkness.     Tem- 
porary diminution  of  visual  acuity  may  occur  in  myasthenia  gravis.^ 

Hemeralopia,  or  day-blindness,  is  a  condition  in  which  the  power 
of  vision  is  bad  during  the  day  or  in  a  bright  light,  whilst  the  patient 
sees  better  in  a  dim  light.  The  phenomenon  is  not  uncommon  in 
tobacco  amblyopia,  where  there  is  usually  present  a  central  scotoma 
for  green  and  red.  The  hemeralopia  is  probably  due  to  the  fact  that 
a  bright  light  rapidly  fatigues  the  retina  and  also,  by  producing 
pupillary  contraction,  causes  the  peripheral  part  of  the  retina  to  be 
less  in  use  than  the  central,  whereas  in  a 
dim  light  the  pupil  dilates  and  the  unaffected 
peripheral  portion  of  the  retina  comes  into 
play. 

A  patient  with  nyctalopia,  or  night-blind- 
ness, becomes  almost  blind  at  dusk  or  in  a  dim 
light.  This  occurs  in  association  with  various 
conditions,  of  which  the  most  interesting  is 
congenital  retinitis  pigmevtosa^  a  disease  easily 
recognised  on  ophthalmoscopic  examination. 
It  is  sometimes  met  with  in  patients  who  are 
exhausted  by  insufficient  food,  insomnia,  and 
prolonged  over- exertion,  e.g.  amongst  soldiers 
in  the  field,  in  whom  the  condition  is  probably 
of  cortical  origin.  Night-blindness  also  occurs 
to  a  lesser  degree  in  certain  cases  of  "cortical " 
cataract,  when  the  lenticular  opacity  acts  as  a 
permanent  diaphragm.  Night-blindness  can 
also  be  simulated. 
Colour  vision  is  most  conveniently  tested  by  means  of  Holmgren's 
wools.  These  are  thrown  on  a  table  well  lit  by  daylight,  and  the 
patient  is  given  one  particular  test-skein  of  wool  which  is  kept  separate 
from  the  heap,  and  told,  not  to  name  the  colour,  but  to  match  it, 
selecting  from  the  heap  of  coloured  skeins  all  those  which  are  like 
the  teat-skein,  whether  lighter  or  darker  in  shade.  The  patient  is 
given  a  pale  green  test  skein.  If  his  colour  vision  is  normal,  he  will 
pick  out  all  the  pale  greens  correctly,  but  if  he  is  red-green  colour- 
blind he  will  select  a  grey  or  straw-coloured  skein.  Congenital  red- 
green  colour-blindness  is  the  commonest  variety.  Yellow-blue  colour- 
blindness is  less  common.  If  a  patient  be  totally  colour-blind  ho 
will  confuse  with  the  test-skein  all  those  of  similar  brightness,  no 
matter  what  their  colour  may  be. 

The  size  of  the  field  of  vision  in  each  eye  is  of  great  importance, 

'  Tilney  and  Mitchell  Smith,  Neurographs,  1911,  vol.  i.,  p.  178. 
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and  for  its  accurate  measurement  a  perimeter  is  required.  This 
however,  is  a  large  and  expensive  piece  of  apparatus.  For  clinical 
purposes  the  following  method  is  sufficient,  presuming  that  the  physi- 
cian's own  visual  fields  are  normal.  The  physician  sits  exactly 
opposite  the  patient,  about  a  yard  away  from  him.  Each  eye  is 
tested  separately.  To  test  the  patient's  right  eye,  direct  him  to  cover 
up  his  left  and  to  gaze  steadily  at  the  physician's  left  eye.  Mean- 
while the  physician  closes  his  own  right  eye  and  looks  steadily  at  the 
patient's  pupil,  w^atching  that  the  patient's  eye  does  not  wander 
from  the  fixation  point.  Then,  holding  his  own  left  hand  in  a  plane 
midway  between  himself  and  the  patient,  and  beginning  almost  at 
arm's-length,  he  brings  his  hand  inwards  from  the  patient's  ear  towards 
the  middle  line,  meanwhile  moving  his  own  fingers.  If  the  patient's 
visual  field  is  normal,  he  will  catch  sight  of  the  moving  fingers  at  the 
same  time  that  the  physician  does  so.  If  he  does  not,  that  visual 
field  is  contracted  and  the  physician  then  brings  his  moving  fingers 
inwards  until  the  patient  does  catch  sight  of  them.  In  this  way 
we  test  both  the  upper  and  lower  quadrants  of  the  field  on  the  tem- 
poral and  nasal  sides,  in  turn.  If  we  find  the  visual  field  diminished 
in  one  or  other  eye,  it  is  well  to  take  a  careful  perimetric  chart. 

In  a  patient  with  a  right- sided  hemianopia,  if  we  draw  a  horizontal 
line  on  a  piece  of  paper  and  then  ask  the  patient  to  mark  with  a  pencil 
the  mid-point  of  this  line,  he  will  constantly  make  the  mistake  of 
indicating  a  point  distinctly  to  the  right  of  the  mid-point.  The 
probable  explanation  of  this  bisection  test  is  that,  owing  to  the  greater 
effort  required  by  the  ocular  muscles  to  turn  the  eye  towards  the 
blind  half  of  the  visual  field,  the  extent  of  the  "  blind  "  part  of  the 
ocular  movement  is  over-estimated  by  the  patient.^ 

We  may  find  a  central  scotoma  or  blind  patch  in  one  or  both  visual 
fields.  This  is  detected  by  attaching  a  small  white  object  to  the 
end  of  a  thin  rod  and  holding  it  in  the  centre  of  the  visual  field,  mid- 
way between  one's  own  and  the  patient's  eye.  In  this  situation  it 
is  not  seen  by  the  patient.  We  gradually  move  the  white  object 
radially  outwards  in  various  directions  until  the  patient  catches 
sight  of  it.  Central  scotoma  may  occur  in  various  organic  diseases 
of  the  optic  nerve  or  retina,  such  as  early  optic  atrophy,  central  retinal 
haemorrhage,  etc.,  or  it  may  result,  in  a  minor  degree,  from  obstruction 
to  central  vision,  e.g.  by  central  opacities  in  the  lens  or  cornea.  It 
may  also  occur,  as  a  temporary  phenomenon,  in  some  cases  of  migraine. 
Such  conditions  are  easy  of  recognition.  Central  colour  scotoma  to 
red  and  green  (detected  in  a  similar  fashion  with  coloured  objects) 
together  with  deficient  visual  acuity,  is  highly  suggestive  of  tobacco 
1  Axenfeld,  Neurdog.  CentralUalt,  1894,  s.  437. 
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amblyo'pia.  In  such  cases,  besides  a  history  of  chronic  excess  in 
tobacco,  we  look  for  corroborative  signs  such  as  fine  tremor  of  the 
hands,  cardiac  irregularity  with  extra-systoles,  cardiac  pain,  etc.  An 
almost  identical  amblyopia  may  also  occur  from  chronic  alcohclism. 

Quinine  blindness,  occurring  after  toxic  doses  of  quinine,  is  accom- 
panied by  intense  spasm  of  the  retinal  arteries  which,  seen  with  the 
ophthalmoscope,  are  contracted  to  fine  scarlet  threads.  Vision  may 
be  completely  lost,  with  loss  of  the  light  reflex,  or  it  may  be  reduced 
to  a  para-central  patch  of  vision.  The  condition  may  last  hours, 
or  days,  or  may  even  be  permanent,  progressing  to  optic  atrophy. 

The  visual  field  may  be  coticentricoUy  contracted.  This  con- 
dition is  sometimes  due  to  optic  atrophy,  the  field  being  reduced  to 
a  small  area  surrounding  the  fixation-point,  so  that  the  patient  looks 
at  the  outer  Avorld  as  though  through  a  narrow  tube.  Contraction 
of  the  field  also  occurs  in  glaucoma,  in  which  condition  we  find  the 
associated  phenomena  of  increased  tension  of  the  globe,  failure  of 
visual  acuity,  and  cupping  of  the  optic  disc.  In  most  cases  of  glau- 
coma the  pupil  is  dilated  and  sluggish,  or  even  immobile.  Concentric 
contraction  of  the  field  of  vision  for  blue,  sometimes  actually  amount- 
ing to  blue-blindness,  may  occur  in  cases  of  increased  intra-cranial 
pressure,  especially  from  cerebral  tumours.^  More  commonly  con- 
centric contraction  of  the  visual  field  occurs  in  hysteria,  the  field  on 
the  hemiplegic  side  of  the  body  being  more  contracted  than  that  on 
the  other  side  (Fig.  58).  Temporary  contraction  of  the  visual  field 
may  occur  in  myasthenia  gravis. 

A  cortical  lesion  of  the  psycho-visual  cortex  of  the  angular  and 
supra-marginal  gyri,  besides  producing  disorders  of  visual  localisa- 
tion in  space  (p.  39),  also  causes  difficulty  in  the  recognition  of 
objects  seen,  unless  they  are  in  the  centre  of  the  visual  field. 
Objects  in  the  peripheral  parts  of  the  visual  field,  although  seen, 
are  not  recognised.  This  gives  a  false  appearance  of  contraction  of 
both  visual  fields,  which  has  been  somewhat  clumsily  named  crossed 
amblyojna.  But  crossed  amblyopia  is  much  commoner  in  hysteria, 
in  which  it  is  frequently  as.TOciated  with  diminution  or  loss  of  other 
special  senses  on  the  side  of  the  more  contracted  field  whose  colour 
sense  is  frequently  lost  (achromatopsia).  Hysterical  amblyopia  is  un- 
known to  the  patient,  and  is  only  discovered  on  examination  by 
the  physician  in  a  patient  who  is  specially  vulnerable  to  suggestion. 

Hemianopia  (Fig.  59)  means  blindness  of  half  the  vif^ual  field, 
right  or  left  as  the  case  may  be,  from  causes  other  than  retinal  disease. 
It  usually  affects  the  visual  field  of  both  eyes,  and  is  due  to  a  lesion 
of  the  visual  fibres  at  or  behind  the  optic  chiasma.    Such  chiasmatic 

^  Gushing,  Johns  Hopkins  Hasp.  Bull.,  1909,  xx.,  p.  96. 
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lesions  may  result  from  pressure  by  tumours,  syphilitic  or  inflam- 
matory affections  of  the  basi-sphenoid,  from  timiours  of  the  brain  or 
of  its  membranes,  and  especially  from  pituitary  tumours,  as  in  acro- 
megaly. We  have  already  considered  the  signs  of  lesions  of  the  optic 
radiations  and  tracts,  and  it  is  convenient  here  to  recr.U  the  effects 
of  lesions  of  the  optic  chiasma. 

(A)  If  the  lesion  be  in  the  central  part  of  the  chiasma,  interrupting 
the  decussating  optic  fibres  (belonging  to  the  nasal  halves  of  both 
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Fig.  58. — Crossed  amblyopia,  in  a. case  of  hysteria. 
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Fig.  59. — Right  homonymous  hemianopia,  in  a  case  of  softening  of  the  left 

occipital  lobe. 

retinae),  there  is  blindness  in  the  outer  half  of  each  visual  field:— 
bi-temporal  hemianopia  (Fig.  60).  This  sometimes  occurs  in  pituitary 
tumours. 

(B)  If  the  lesion  be  situated  at  one  or  other  lateral  extremity  of 
the  chiasma,  it  will  interrupt  merely  the  non-decussating  fibres  of 
the  optic  nerve  and  optic  tract  on  that  side,  causing  unilateral  nasal 
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hetnianopia  in  the  corresponding  eye.  To  produce  bilateral  nasal 
heniianopia  there  must  be  two  separate  lesions,  one  at  each  end  of 
the  chiasnia,  a  condition  which  very  seldom  occurs.  A  lesion  in- 
volving the  central  part  of  the  chiasma  and  extending  to  one  or  other 
side  (Fig.  60,  A  jdus  B)  will  produce  the  sum  of  these  two,  namely, 
bi-temporal  heniianopia  plus  unilateral  nasal  hemianopia,  i.e.  total 
blindness  of  one  eye  with  temporal  hemianopia  of  the  other. 

(C)  A  lesion  of  the  left  optic  tract  behind  the  chiasma  produces, 
as  already  seen,  hemianopia  in  the  right  halves  of  both  fields  of  vision. 

(D)  A  lesion  of  one  optic  nerve  simply  causes  blindness  in  the 
corresponding  eye. 

In  rare  cases  we  may  have  a  quadrantic  hemianopia  in  which  only 
one  quadrant  (instead  of  one-half)  of  both  visual  fields  is  blind.     This 

B.  Optic  Tract  L.  Optic  Tract. 
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Fio.  60. — Diagram  of  course  of  visual  fibres  in  optic  chiasma.     (Hamilton.) 

is  generally  due  to  a  lesion  limited  to  part  of  the  cortical  half-vision 
centre  in  the  cuneate  lobule  and  lingual  gyrus.  The  calcarine  fissure 
divides  the  half-vision  centre  into  an  upper  and  a  lower  part.  A 
lesion  above  the  calcarine  fissure,  i.e.  in  the  cuneate  lobule,  causes 
blindness  of  the  lower  quadrant,  whilst  a  lesion  below  the  calcarine 
fissure,  i.e.  in  the  lingual  gyrus,  causes  blindness  of  the  upper  quad- 
rant of  the  corresponding  half-fields.^ 

The  optic  discs  and  retina)  should  be  examined  with  the  ophthal- 
moscope in  every  case  of  nervous  disease.  Every  neurologist  must 
be  able  to  use  the  ophthalmoscope.  The  most  important  conditions 
to  look  for  are  optic  neuritis  and  optic  atrophy.  Optic  neuritis  occurs 
in  numerous  pathological  conditions  within  the  skull,  especially  in 

'  Henschen,  Le  Centre  cortical  de  la  Virion.     Intemat.  Med.  Congress,  Paris,  HCO. 
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intra-cranial  tumours  and  in  .tuberculous  meningitis.  But  it  also 
occurs  in  nephritis,  in  lead  poisoning,  in  diabetes,  and  in  severe 
anaemia ;  and  these  four  common  conditions  must  always  be  excluded  - 
before  we  diagnose  gross  intra-cranial  disease.  We  may  also  meet 
with  optic  neuritis  in  certain  cases  of  cervical  myelitis.  Optic  atrophy 
may  occur  primarily,  aa  in  tabes  and  disseminated  sclerosis,  or  it  may 
be  a  secondary  post-neuritic  process.  Sometimes  it  follows  a  retro- 
hulhar  neuritis^  which  is  due  most  frequently  to  the  toxin  of  dis- 
seminated sclerosis,  less  commonly  to  chronic  alcohol  or  tobacco 
poisoning.  Pallor  of  the  temporal  halves  of  the  optic  discs  is  often 
an  early  sign  of  disseminated  sclerosis.  The  combination  of  blindness 
from  optic  atrophy  with  mental  deficiency  from  arrested  cerebral 
development  occurs  in  the  amaurotic  family  idiocy  of  Tay  and  Sachs, 
an  affection  of  certain  Jewish  children,  coming  on  in  infancy.  In 
these  cases,  on  ophthalmoscopic  examination  there  is  a  characteristic 
cherry-red  spot  seen  at  the  macula  lutea,  due  to  local  oedema  and 
atrophy  of  the  retina,  whereby  the  vascular  choroid  shines  through. 

Apart  from  optic  neuritis  and  optic  atrophy,  we  must  be  on  the 
look-out  for  other  pathological  conditions  of  the  fundus,  such  as 
choroiditis,  albuminuric  retinitis,  tubercle  of  the  choroid,  occlusion 
of  the  central  retinal  artery,  retinal  haemorrhages,  etc. 

It  must  be  remembered  that  a  patient  may  have  severe  optic 
neuritis  without  any  impairment  of  vision.  Optic  atrophy,  on  the 
other  hand,  causes  the  visual  field  to  contract  concentrically  to  a 
greater  or  less  extent,  whilst  the  visual  acuity  diminishes  and  ulti- 
mately the  eye  becomes  blind.  The  atrophy  of  retro-bulbar  neuritis 
often  produces  central  scotoma  from  affection  of  the  papillo-macular 
bundle  of  optic  nerve  fibres.  Scotoma  is  often  the  first  sign  of 
retrobulbar  neuritis,  long  before  atrophy  is  visible  by  the  ophthalmo- 
scope. 

Third,  Fourth,  and  Sixth  Nerves.— It  is  convenient  to  study  together 
these  three  nerves  which,  between  them,  innervate  all  the  voluntary 
muscles  of  the  eye.  The  distribution  of  each  is  as  follows:— The  third 
nerve  (oculo-motorius)  supplies  all  the  external  ocular  muscles  except 
two:— the  superior  oblique  supplied  by  the  fourth  nerve,  and  the 
external  rectus  supplied  by  the  sixth.  It  also  supplies  the  voluntary 
part  of  the  levator  palpebrse  superioris  {the  involuntary  part  being 
supplied  by  the  cervical  sympathetic),  and  it  contains  fibres  which 
indirectly,  through  the  ciliary  ganglion  and  short  ciliary  nerves, 
supply  the  non-striated  sphincter  pupillse  and  ciliary  muscle.  The 
jourth  nerve  (patheticus)  supplies  the  superior  oblique  alone,  the 
sixth  nerve  (abducens)  the  external  rectus  alone. 

The  third,  fourth,  and  sixth  nerves  are  often  regarded  as  purely 
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motor  nerves,  but  Sherrington^  has  phown  that  a  considerable  pro- 
portion of  their  nerve-fibres  are  afferent,  conveying  impulses  of  kin- 
aesthetic  sense  from  the  extrinsic  ocular  muscles,  and  maintaining 
ocular  posture  during  waking  hours  in  the  delicate  adjustment  and 
maintenance  of  the  gaze.  The  conmion  occurrence  of  squint  in  tabes 
(analogous  to  the  hypotonia  of  tabetic  limbs)  is  probably  due  to  loss 
of  the  normal  reflex  tonus  of  the  ocular  muscles. 

The  third  nerve  also  containa  efferent  autonomic  fibres  for  the 
ciliary  ganglion,  from  which  are  innervated  the  ciliary  muscle  and 
the  sphincter  of  the  iris  within  the  eyeball,  i.e.  the  muscles  of  accom- 
modation. 

Experimental  and  clinical  evidence  (Piltz,^  Bach^)  has  shown  that  the 
ciliary  ganglion  of  the  cranial  autonomic  system  is  the  peripheral  motor 
nucleus  controlling  the  sphincter  pupillse.  Marina  *  in  a  series  of  twenty- 
eight  cases  of  tabes  and  general  paralysis  exhibiting  the  Argyll-Robertson 
pupil,  found  this  ganglion  invariably  degenerated.  In  one  of  them  where 
the  Argyll-Robertson  phenomenon  was  confined  to  one  eye,  the  ciliary 
ganglion  was  degenerated  on  that  side  alone,  the  ganglion  of  the  other  side 
being  normal.  It  is  therefore  probable  that  degeneration  renders  the  ciliary 
ganglion  inexcitable  to  the  stimulus  of  light,  whereas  it  can  still  respond  to 
the  stronger  stimulus  of  voluntary  impulses  transmitted  along  the  third 
nerve.  The  connection  between  the  anterior  corpus  quadrigeminum  and 
the  third  nerves  is  via  the  fasciculus  sublongitudinalis.'^ 

The  Papil. — ^We  note  the  size  of  the  pupil,  both  in  a  bright  and  in 
a  dim  light.  Firstly,  we  observe  whether  the  pupils  are  equal  in 
diameter.  Slight  inequality  (anisocoria)  of  the  pupils  is  not  uncom- 
mon in  individuals  who  are  otherwise  healthy,  and  if  the  pupils  react 
to  light  and  to  convergence,  such  trivial  inequality,  by  itself,  has  no 
special  significance.  In  a  normal  individual,  if  the  eyes  be  turned 
to  the  right  and  kept  there  for  several  seconds,  the  right  or  abducted 
pupil  becomes  slightly  larger  than  the  left  or  adducted  one,  and  con- 
versely on  looking  to  the  other  side.®  Marked  inequality,  however, 
should  always  make  us  suspicious  of  organic  mischief.  Abnormal 
dilatation  of  the  pupils  {mydriasis)  is  often  present  in  anaemia  and 
neurasthenia,  but  it  may  occur,  on  one  or  both  sides,  in  organic  nervous 
disease.  Mydriasis  may  be  either  paralytic,  from  paralysis  of  the 
sphincter  pupillae,  as  in  disease  of  the  third  nerve  or  ciliary  ganglion, 
or  it  may  be  irritative,  as  when  due  to  stimulation  of  the  dilator 
pupillae.  It  also  occurs  when  optic  atrophy  has  caused  blindness, 
and  is  then  due  to  the  absence  of  visual  impressions.  Myosis  or 
abnormal  contraction  of  the  pupils  occurs  in  pontine  haemorrhage, 

'  Brain,  1915,  vol.  xxxviii.,p.  209.  ^  Neurologisches  CetUralblail,  1903. 

3  Zeilsch.  fur  Augenheilknnde,  1904.  *  Annalidi  Nevrolcgia,  1901. 

^  Majano,  Monatwhrift  fiir  Psychialrit  und  Neurologie,  1903,  Bd.  xiii.,  Heft  1. 
8  Toumay,  Bulletin  de  V Academie  de  Medecine,  10  Mars,  1917. 
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probably  from  irritation  of  inhibitory  fibres  leading  from  the  brain 
to  the  ciliary  ganglia.^  It  is  also  present  in  many  cases  of  tabes, 
as  well  as  in  certain  cases  of  disease  of  the  cervical  region  of  the  cord 
(notably  in  syringomyelia)  from  interruption  of  the  pupil-dilating 
fibres.  2  Myosis  is  also  caused  by  iritis,  and  by  the  irritation  of  foreign 
bodies  in  the  cornea,  and  a  transient  myosis  occurs  for  a  day  or  so 
after  excision  of  the  Gasserian  ganglion  ^  (see  Fig.  61). 

Variations  in  the  size  of  the  pupil  may  also  be  the  result  of  mydri- 
atic (pupil-dilating)  drugs,  either  locally  instilled  (atropine,  homa- 
tropine,  cocaine)  or  taken  internally  (belladonna),  whilst  other  drugs 
are  myotics  (pupil-contractors),  either  local  (eserine,  pilocarpine)  or 
internal  (opium,  jaborandi). 

The  outline  of  the  pupil  should  be  carefully  examined.  Some- 
times, instead  of  being  circular,  it  is  oval  or  irregularly  polygonal. 
Such  variations  have  an  important  diagnostic  value.  For  if  we 
exclude  congenital  malformation  such  as  coloboma,  operative  pro- 
cedures such  as  iridectomy,  and  disease  such  as  iritis  causing  synechise, 
then  it  may  be  taken  as  a  general  rule  that  irregularity  of  the  pupils 
signifies  either  tabes,  general  paralysis,  or  other  form  of  syphilis,  the 
lesion  being  either  in  the  short  ciliary  nerves  or  in  the  ciliary  ganglion 
itself.  Ectopia  pupillcB  is  a  condition  in  which  the  pupil  is  not  in  the 
centre  of  the  iris.  Sometimes  it  occurs  in  lesions  of  the  mid-brain;^  in 
other  cases,  however,  it  appears  to  have  no  pathological  significance. 
Irregularity  of  the  pupil  can  be  produced  experimentally  by  stimula- 
tion or  division  of  the  short  ciliary  nerves. 

The  pupillary  reflex  to  light  should  always  be  observed.  For  this 
purpose  it  is  convenient  to  have  the  patient  sitting  near  a  window 
in  such  a  position  that  one  side  of  his  face  is  illuminated.  He  is  then 
made  to  gaze  at  the  ceiling  whilst  the  physician,  with  the  palms  of 
the  hands,  shades  and  uncovers  one  or  both  eyes.  Each  eye  must 
be  observed  separately,  noting  the  eSect  on  the  pupil  of  shading 
and  uncovering,  first  the  same  eye  and  then  the  opposite  eye.  Nor- 
mally the  iris  contracts  when  light  falls  on  the  retina  whether  of  the 
same  eye  (direct  reflex)  or  of  the  opposite  eye  (consensual  reflex). 

The  light-reflex  depends  upon  the  integrity  of  a  reflex  arc,  whose  afferent 
limb  is  the  peri-macular  fibres  of  the  retina  and  optic  nerve,  whose  inter- 
mediate station  is  in  the  mid-brain,  and  whose  efferent  limb  passes  through 
the  third  nerve  and  ciliary  ganglion  to  the  pupillary  sphincter  (Fig.  61). 

If  the  healthy  pupil  be  strongly  illuminated  and  examined  with 
a  magnifying  lens  (say  X  10),  we  observe  that  it  is  not  stationary 
but  in  a  continuous  state  of  fine  irregular  movement,  slight  alternate 

1  Bach,  Zeitschrift  Jilr  Augenheilkunde,  1904,  s.  105. 

2  See  later,  Cervical  Sympnlhedr,  p.  .'Ul.     3  H.  M.  Davies,  Braiv,  K07,  p.  265. 
*  S.  A.  K.  Wilson,  Brain,  1906,  p.  524. 
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narrowing  and  widening,  varying  both  in  rhythm  and  amplitude. 
This  normal  'pupillary  unrest^  must  not  be  confounded  with  hippus, 
which  is  a  pathological  condition  consisting  in  rhythmic  clonic  con- 
tractions of  the  iris,  regular  in  their  periodicity,  much  coarser  in 
range,  and  visible  to  the  naked  eye.  Loss  of  the  normal  pupillary 
unrest  is  always  pathological,  and  may  be  one  of  the  earliest  signs 
of  organic  affection  of  the  reflex  visual  path,  e.g.  in  tabes  or  general 
paralysis. 

Loss  of  reaction  to  light  occurs  in  optic  atrophy,  in  paralysis  of 
the  third  nerve,  and  in  degeneration  of  the  ciliary  ganglion. 


Efferent  \ 

InJtibltory  Fibres  from, 
Brain/ to  Ciha/yGcutghon 


Fupil  dilauting  V-. 
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oH  dilatirig 
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CervvcalSympcUhetic 
Fio.  61. — ^Diagram  of  the  path  of  the  pupil-reflex  (modified  from  Bach). 

Loss  of  the  light-reflex  together  with  preservation  of  contraction 
during  accommodation  for  near  objects — the  classic  Argyll- Robertson 
phenomenon — occurs  typically  in  tabes  and  in  general  paralysis  of 
the  insane.  It  also  occurs  sometimes  in  other  varieties  of  cerebro-spinal 
syphilis,  and  its  presence  has  been  demonstrated  in  a  few  rare  cases 
without  syphilitic  infection,  e.g.  in  chronic  alcoholism ^  and  even  in 
syringomyelia.^  Marina  has  shown  it  to  be  associated  with  degenera- 
tion of  the  ciliary  ganglion.  It  also  occurs  in  blindness  from  optic 
atrophy. 

In  the  early  stages  of  optic  atrophy  the  pupil  of  the  affected  eye 
may  contract  sluggishly  to  light,  compared  with  the  normal  eye;  or 

1  Hiibner,  Archiv  fur  Pf,ychiatrie,  lfi06.  Band  41,  s.  1016. 

'  Nonne,  Neurologisches  Cenlralblatt,  1912,  p.  6. 

^  Sicard  and  Galezowski,  Revue  neurologiqve,  1914,  p.  300. 
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it  may  contract  fairly  well  for  a  moment,  but  under  continued  ex- 
jjosure  it  dilates  again,  unlike  a  healthy  pupil.^  If  this  phenomenon 
be  associated  with  diminution  of  visual  acuity  or  with  failure  to 
distinguish  between  red  and  green  in  the  centre  of  the  visual  field, 
w^e  should  be  suspicious  of  early  optic  atrophy  (even  though  the  optic 
disc  be  normal  in  appearance),  which  in  many  cases  is  due  to  com- 
mencing disseminated  sclerosis.  Wernicke's  hemiopic  pupillary  reac- 
tion, in  certain  cases  of  hemianopia,  is  absence  of  pupillary  contraction 
when  a  ray  of  light  is  thrown  on  the  blind  side  of  the  retina.  It  signifies 
a  lesion  of  the  visual  path  behind  the  chiasma,  and  below  or  at  the 
corpora  quadrigemina.  In  retro-quadrigeminal  hemianopia,  where 
the  lesion  is  anywhere  between  the  corpora  quadrigemina  and  the 
visual  cortex,  the  pupillary  reaction  is  normal  (Fig,  29,  p.  38). 

The  reaction  of  the  pupil  to  accommodation  is  the  contraction  of 
the  pupil  which  occurs  when  the  patient  converges  the  eyes  to  look 
at  a  near  object.  We  test  this  by  holding  a  finger  close  to  the  patient's 
face,  first  telling  him  to  look  at  some  distant  object,  and  then  suddenly 
to  look  at  the  finger.  If  he  is  blind,  he  can  nevertheless  converge 
by  attempting  to  look  at  his  own  finger.  In  paralysis  of  the  third 
nerve  there  is  total  immobility  of  the  corresponding  pupil,  both  to 
light  and  on  convergence.  Loss  of  the  contraction  on  accommoda- 
tion with  preservation  of  the  light-reflex — a  condition  the  converse  of 
the  Argyll-Robertson  phenomenon — is  not  uncommon  after  diph- 
theria, and  is  often  accompanied  by  other  evidences  of  post-diphtheritic 
neuritis,  such  as  paralysis  of  external  ocular  muscles  or  of  the  palate, 
loss  of  knee-jerks,  etc.  Paradoxical  pupillary  reaction  is  when  the 
pupil  dilates  instead  of  contracting  on  exposure  to  light.  This 
phenomenon,  which  is  not  uncommon  in  tabes  (occurring,  according 
to  Pilcz,  in  40  per  cent,  of  cases),  can  be  demonstrated  as  follows: — 
Sitting  facing  the  light,  with  his  head  inclined  backwards,  s-o  as  to 
face  the  ceiling,  the  patient  screws  up  the  eyes  forcibly,  and  on  open- 
ing them,  he  again  gazes  up  at  the  ceiling.  When  the  eyes  are  thus 
re-exposed  to  light  the  pupils  dilate  (instead  of  contracting  as  in 
health)  owing  to  the  fact  that  as  the  voluntary  contraction  of  the 
sphincter  passes  off,  there  is  no  counteracting  contraction  to  light. 

The  reaction  of  the  pupil  to  painful  stimulation  of  the  skin  of  the 
neck,  causing  the  pupil  to  dilate,  is  important  with  regard  to  the 
cervical  sympathetic.  It  is  often  absent  in  the  early  stages  of  tabes, 
A  psychical  dilatation  of  the  pupil  also  occurs,  temporarily,  under 
the  influence  of  lively  emotion,  such  as  fear,  intense  interest,  sexual 
orgasm,  etc.  The  pupils  may  even  dilate  when  the  individual  thinks 
of  a  dark  object  or  contract  at  the  idea  of  a  luminous  one. 

1  Gunn,  Brit.  Med.  Journal,  1907,  p.  353. 
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Let  us  now  consider  paralysis  of  external  ocular  muscles. 

To  detect  paralysis  of  the  ocular  muscles,  having  first  examined 
the  pupils,  noting  their  size  and  any  irregularity  of  outline,  and  having 
tested  their  reaction  to  light  and  on  accommodation,  we  then  ask 
the  patient  to  follow  our  finger  with  his  eye,  making  him  look  alter- 
nately up,  down,  to  the  right  and  left,  and  finally  making  him  con- 
verge. Meanwhile  we  observe  whether  there  be  any  squint,  deficient 
movement  in  any  direction,  diplopia,  or  nystagmus. 

If  an  individual  muscle  be  paralysed,  there  is  diplopia,  squint, 
and  deficiency  of  movement  of  the  affected  eye  towards  the  direction 
of  traction  of  the  affected  muscle.  Fig.  62  is  Bishop  Harman's  diagram 

Bti^O       t~s       SupJt         iti  Snp.R      ^      Inf.O 

\ 

IntJt     Inl.R. 


Sup.O.  btf.R.  TnT.R.  Sup.O. 

Fig.  62. — N.  Bishop  Harmaa's  chart  to  show  (1)  Movements  of  ocular  mvsdes,  and 
(2)  Position  of  false  image  in  paralysis. 

1.  (a)  Rectangular  movementa.    The  arrows  point  to  the  direction  in  which  the  eye  is  turned 

by  each  muscle. 
(6)  Rotation.    Put  a  match,  head  upward<(,  on  each  of  the  dotted  lines  indicating  the 
vertical  meridans.    Muscles  that  rotate  eye  inwards  turn  the  match-head  towards 
nose  (Sup.  Rectus  and  Sup.  Obliciue) ;  those  that  rotate  it  outwards  turn  match  in  the 
opposite  direction  (Inf.  Oblique  and  Inf.  Rectus). 

2.  Put  matches  on  diagram  again.     The  match  will  represent  the  true  image.     The  four  raj's 

marked  Sup.  R.,  Inf.  R.,  Sup.  O.,  and  Inf.  O.  will  represent  the  relative  position  (in 
vertical  and  lateral  displacement  and  tilting)  of  the  false  image  produced  in  paralysis 
of  each  of  these  muscles.  In  paralysis  of  Int.  or  Ext.  Rectus  the  false  image  will  run 
vertically  through  the  corresponding  arrow-head. 

indicating  the  action  of  the  individual  muscles.  A  simple  rule,  worth 
remembering  in  all  cases  of  ocular  paralysis,  is  that  the  affected  eye 
is  displaced  (by  the  unopposed  antagonists)  in  a  direction  opposite 
to  the  direction  of  traction  of  the  paralysed  muscle,  whilst  the  false 
image,  seen  by  the  affected  eye,  is  displaced  in  the  direction  of  traction 
of  the  paralysed  muscle. 

Figs.  63  and  64  are  Werner's  well-known  "  memoria  technica,"  showing 
the  position  of  the  false  image  in  the  various  ocular  paralyses.  Fig.  63 
shows  the  position  of  the  false  image  in  paralysis  of  any  of  the  recti ;  Fig.  64 
in  paralysis  of  the  oblique  muscles.  For  example,  Fig.  63  shows  that  in 
diplopia  from  paralysis  of  the  left  inferior  rectus,  (1)  the  false  image  is  on 
the  right  of  the  true  (i.e.,  it  is  crossed);  (2)  the  false  image  has  its  upper  end 
inclined  towards  the  true;  (3)  the  false  image  is  lower  than  the^true;  and 
(4)  the  diplopia  occurs  on  downward  movement  of  the  eyes. 

To  test  diplopia  we  use  a  long,  lighted  candle,  at  a  distance  of 
about  three  yards  from  the  patient,  holding  it,  first,  exactly  opposite 
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the  patient  and  moving  it  gradually  from  side  to  side  and  then  from 
above  downwards.  One  of  the  patient's  eyes  is  covered  with  a  red 
and  the  other  with  a  green  glass,  to  differentiate  the  two  images,  and 
the  patient  has  to  tell  us  the  relative  position  of  the  red  and  of  the 
green  candle.  It  is  necessary  to  ensure  that  the  patient  keeps  his 
head  fixed  during  the  process  of  testing.  The  false  image  is  that 
seen  by  the  paralysed  eye,  the  true  image  by  the  sound  one. 

Diplopia  is  a  more  delicate  test  than  paralytic  squint,  for  where 
there  is  slight  paresis  of  an  ocular  muscle  there  may  be  no  noticeable 
squint,  and  yet  the  diplopia  may  be  quite  appreciable  to  the  patient. 
To  detect  a  paralytic  squint  we  direct  the  patient  to  follow  our  finger. 


Left    supr. 
Rectus 


Right  supr. 
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Left  infr. 
Rectus 


Right  iofr. 
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Left  ijifr.\ 
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Right  infr. 
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Right  snpc 
oblique 


Fig.  63. 


Fig.  64. 


Figs.  63  and  64. — Werner's  "artificial  memory"  for  the  double  images  in  ocular 
paralyses  {Ophthalmic  Review,  1886).  Fig.  63  shows  the  position  of  the  images  in 
paralysis  of  the  recti  muscles.  Fig.  64  in  paralysis  of  the  oblique  muscles.  The 
dotted  lines  indicate  "  false  "  images,  the  thick  black  lines  "  tn:e  "  images. 

moving  it  laterally  from  side  to  side,  and  then  vertically  up  and  down, 
and  observe  whether  there  is  deficiency  of  movement  of  one  or  both 
eyes  in  any  particular  direction  or  directions. 

Nystagmus  is  an  involuntary  rhythmic  tremor  of  the  eyeballs, 
generally  bilateral  and  symmetrical.  The  movement  consists  of  an 
oscillation,  usually  horizontal,  from  side  to  side,  but  sometimes  vertical 
or  even  rotatory,  or  it  may  be  circumductory — a  combination  of 
rotation  with  vertical  and  horizontal  movements.  Nvstagmus  may 
be  either  pendular  (where  the  movements  to  both  sides  are  equal  in 
range  and  of  equal  speed),  or  rhythmic,  the  commoner  type,  where 
both  movements  are  equal  in  range  but  the  one  is  a  fast  jerk  and  the 
other  a  slow  one.  In  most  cases  nystagmus  is  a  fixation-nystagmus, 
i.e.  it  occur?  when  the  patient  fixes  an  object  at  a  distance  from  the 
rest  point ' '  of  his  eyes.  It  is  usually  best  marked  when  the  eyes 
are  voluntarily  moved  to  an  extreme  degree  either  laterally  or,  less 
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commonly,  vertically.  In  rhythmic  horizontal  nystagnms  the  rapid 
jerk  is  to  the  side  towards  which  the  eyes  are  directed,  and  the  slow 
phase  is  a  deviation  back  towards  the  rest-point.  But  sometimes, 
especially  in  the  rotatory  variety,  nystagmus  occurs  when  the  eye^ 
are  directed  straight  forward.  In  cases  in  which  an  ocular  muscle 
has  been  paralysed  but  is  in  process  of  recovery,  if  we  make  the 
patient  look  steadily  in  a  direction  which  necessitates  the  active  move- 
ment of  the  paresed  muscle,  slight  rhythmic  nystagmus  may  develop, 
analogous  to  tremulousness  of  the  hand  after  carrying  a  heavy 
weight. 

Another  variety  is  labyrinthine  or  vestibular  nystagmus.  This, 
together  with  violent  vertigo,  may  be  produced  experimentally  in 
healthy  subjects  by  syringing  the  drum  of  the  ear  with  water,  either 
distinctly  above  or  distinctly  below  the  temperature  of  the  body. 
Barany'^  regards  this  nystagmus  as  a  result  of  convection  currents  in 
the  endolymph  produced  by  warming  or  cooling  of  the  labyrinth. 
The  presence  of  such  thermic  nystagmus  can  be  used  as  a  test  of  the 
integrity  of  the  vestibular  nerve.  The  objective  phenomena  vary 
according  to  the  position  of  the  patient's  head. 

Thus,  for  example,  if  the  patient  be  standing  up,  with  the  head  turned 
face  downwards,  and  if  the  left  ear  be  irrigated  with  cold  water,  the  nystag- 
nms  which  is  produced  is  horizontal  in  type  with  the  quick  jerk  to  the  left 
and  most  marked  when  the  patient  looks  towards  the  left  side.  Meanwhile 
the  head  and  eyes,  and  also  the  trunk,  tend  to  rotate  strongly,  around  the 
long  axis  of  the  body,  towards  the  right  side.  If  the  patient's  head  be  erect 
when  his  left  ear  is  syringed  with  cold  water,  the  nystagmus  is  rotator}' 
in  type  and  to  the  right,  and  the  forced  movement  of  the  head  and  trunk 
is  a  lateral  bending  towards  the  left  side.  If  the  patient  lies  on  his  back, 
when  the  left  ear  is  irrigated  with  cold  water,  he  will  tend  to  roll  towards 
the  ipso-lateral  side  and  horizontal  rhythmic  nystagmus  will  be  noticed 
towards  the  contra-lateral  side.  If  hot  water  be  used  instead  of  cold,  the 
direction  of  nystagmus  and  of  forced  movement  of  the  head,  eyes,  and  trunk 
is  in  each  case  reversed.^ 

In  some  cases  of  otitis  media,  in  which  a  fistulous  communication 
exists  between  the  middle  ear  and  the  internal  ear,  sudden  raising  of 
the  pressure  of  the  middle  ear,  e.g.  by  compressing  the  external 
auditory  meatus  with  the  finger,  or  by  inflation  of  the  ear  through 
the  external  meatus,  stimulates  the  external  semicirculai  canal  through 
the  fistulous  opening  and  produces  sudden  labyrinthine  nystagmus 
and  vertigo,  in  which  the  nystagmus  is  horizontal  in  type,  the  head 
and  eyes  being  deviated  towards  the  contra-lateral  side.  If  the 
labyrinth  be  already  destroyed,  this  fistular  test  is  negative. 

In  cases  of  labyrinthitis,  e.g.    by  inward  spread  from  an  otitis 

*  Cenlralblad  fur  Augenheilhunde,  August,  1905. 
^  JScott,  Lancel,  June  11,  1910. 
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media,  there  is  total  deafness  of  the  afiected  side,  together  with  com- 
plete loss  of  thermic  and  of  fistiUar  nystagmus.  The  inflamed  lab3rrinth 
produces  spontaneous  vertigo  with  nausea,  vomiting,  and  with  a 
spontaneous  rotatory  nystagmus  towards  the  sound  side,  if  the  head 
be  in  the  erect  posture. 

Nystagmus  occurs  in  various  central  organic  diseases,  not  of  the 
cerebral  hemispheres,  but  of  the  mid-brain,  pons,  and  cerebellum. 
It  is  specially  characteristic  of  disseminated  sclerosis,  Friedreich's 
ataxia,  syringomyelia,  and  cerebellar  disease.  In  unilateral  cerebellar 
disease  it  occurs  on  fixing  the  eyes  on  an  object  towards  the  ipso-lateral 
boundary  of  the  visual  field.  Nystagmus  may  also  occur  in  alcoholic 
peripheral  neuritis.  It  is  present  also  in  certain  patients  who  have  be- 
come more  or  less  blind  (though  in  complete  blindness  the  movement  is 
more  often  a  slow,  aimless  rolling  of  the  eyes),  also  in  albinism  (where 
the  vision  is  congenitally  impaired.  Another  well-recognised  form  is 
miner's  nystagmus,  due  to  persistent  ocular  strain  in  a  dim  light. 
Miner's  nystagmus  is  pendular  but  very  fine  and  rapid,  generally 
\ertical,  worse  on  looking  upwards,  and  accompanied  by  spasm  of 
the  levator  palpebrae.     It  is  often  associated  with  vertigo. 

Labyrinthine  nystagmus  can  also  be  produced  in  a  normal  person  by 
placing  kim  on  a  rotating  stool  with,  the  head  erect  and  spinning  him  rapidly 
around  the  long  axis  of  his  own  body.  In  such  a  case,  if  the  stool  be  suddenly 
stopped,  the  endolymph  keeps  on  moving  for  a  time  and  a  temporary  after- 
nystagmus  appears,  horizontal  and  rhythmic,  the  rapid  phase  of  the  nystag- 
Jiuis  being  in  the  opposite  direction  from  the  previous  rotation.  If  a 
patient  who  already  has  a  horizontal  nystagmus  be  similarly  revolved 
around  his  own  long  axis,  on  suddenly  stopping  the  rotation  we  find  that  the 
original  nystagmus  towards  the  direction  of  rotation  has  temporarily  ceased 
whilst  that  in  the  opposite  direction  is  exaggerated.^  In  such  a  case,  the 
experimental  after-nystagmus  has  for  the  time  over-compensated  the  pre- 
existing nystagmus. 

There  is  also  a  rare  congenital  affection  known  as  nystaymus- 
myodonus,  in  which,  together  with  nystagmus,  commonly  of  the 
lateral  pendular  variety,  there  are  involuntary  jerking  movements 
of  the  limbs  or  trimk.  These  movements  are  aggravated  by  cold  or 
by  tapping  the  muscles,  but  can  be  controlled  by  an  effort  of  will. 
The  deep  reflexes  are  often  exaggerated,  and  it  is  not  unusual  to  have 
other  coexisting  deformities,  such  as  hypospadias,  flat-foot,  facial 
asymmetry,  persistent  branchial  cleft,  etc.^ 

We  are  now  in  a  position  to  recognise  the  signs  of  paralysis  of 
any  of  the  ocular  nerves.  In  a  case  of  complete  third  nerve  paralysis 
(Figs.  65  and  65a)  there  is  ptosis  or  drooping  of  the  upper  lid,  from 

1  Ca&sircr  and  Loeser,  N eurologuches  CeiUraibitUt,  1908,  s.  252. 
-  Lenoble  and  Aubineau,  Bevue  dt  Medicine,  Jnly  16,  1906. 
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paralysis  of  the  levator  palpebrae,  with  over-action  of  the  frontalis  on 
that  side,  so  that  the  eyebrow  stands  higher  than  normal. 

In  hysterical  ptosis  (Fig.  66),  on  the  other  hand,  there  is  usually  no 
over-action  of  the  froiitalis;  nor  is  there  in  the  ptosis  of  myasthenia  gravis, 
since  the  frontalis  is  usually  partially  paralysed  as  well. 

In  third  nerve  paralysis  there  is  also  external  strabismus  from  un- 
opposed action  of  the  external  rectus,  and  there  is  inability  to  move 
the  eye  upwards,  directly  downwards,  or  directly  inwards,  although 
a  slight  downward  and  inward  movement  can  be  executed  by  the 
superior  oblique.     The  pupil  is  dilated  owing  to  paralysis  of  the 
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Fio.  65. — Total  paralysis  of  right  third  nerve  from  «ypliilitic  disease. 
Fig.  65a. — ^The  same  patient,  the  right  eyelid  being  passively  lifted  to  show  the  external 
strabismus  and  dilatation  of  pupil  on  the  paralysed  side. 

sj)hincter  iiidis,  and  does  not  contract  either  to  light  or  on  attempted 
accommodation. 

Complete  paralysis  of  the  third  nerve  is  less  common  than  is  a 
partial  paralysis  affecting  one  or  more  muscles. 

In  some  cases  of  partial  third  nerve  paralysis  in  which  there  exists  a 
unilateral  ptosis  with  complete  inability  to  raise  the  lid  voluntarily,  we 
observe  that  an  involuntary  elevation  of  the  paralysed  lid  occurs  if  the 
healthy  eye  be  passively  closed  with  the  finger.  When  the  opposite  eye  is 
again  opened,  the  paralysed  lid  drops  at  once,  with  a  see-saw  movement 
{ptosi  a  hilancia).  The  explanation  of  this  curious  phenomenon,  which 
only  occurs  in  a  certain  proportion  of  cases,  is  that  the  motor  fibres  to  the 
levator  palpebrse  are  derived  from  the  nuclei  of  both  third  nerves,  and  if 
the  crossed  fibres  of  origin  happen  to  escape,  the  see-saw  phenomenon  can 
be  demonstrated.* 

^  Pacoetti,  Policlinico,  1896,  sez.  med.  fasc.  3. 
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Weakness  of  the  internal  recti  sometimes  occurs  in  exophthalmic 
goitre  (constituting  Moebius's  sign).  We  make  the  patient  look 
upwards  to  the  ceiling  and  then  ask  him  to  look  at  the  tip  of  his  own 
nose,  when  wc  observe  that  only  one  eye  converges,  the  other  eye 
becoming  divergent. 


Fig.  (5(5. — Case  of  left?*si<ied  hysterical  ptosis  in  a  woman  of  25,  showing  absence  of 
frontalis  over-action  on  paralysed  side.  The  area  on  the  left  side  of  the  head, 
neck,  trunk  and  shoulder,  within  the  black  line,  was  totally  anaesthetic  to  all  forms 
of  stimuli.  There  was  loss  of  smell  and  taste  on  the  left  side:  contraction  of  the 
left  visual  field  and  diminution  of  hearing  in  the  left  ear.  The  figure  also  shows 
the  presence  of  "  dermographism."  The  patient's  name  having  been  traced  on 
the  chest  with  the  head  of  a  pin,  a  hard,  cord-like  pattern  was  produced,  capable 
of  being  photographed. 

Paralysis  of  the  Fourth  Nerve  produces  paralysis  of  the  superior 
oblique  muscle  of  the  corresponding  eye.  This  muscle  has  a  threefold 
action;  it  turns  the  anterior  pole  of  the  eye  downwards  and  outwards 
and  at  the  same  time  rotates  its  vertical  meridian  slightly  inwards 
at  its  lower  end  (see  Fig.  62).  The  deficiency  of  movement  is  diffi- 
cult to  see,  and  the  paralysis  is  recognised  mainly  by  the  characteristic 
diplopia  which  occurs  when  the  ])atient  gazes  in  the  direction  in 
which  the  superior  oblique  ought  to  come  into  action,  i.e.  downwards 
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and  outwards.  When  the  patient  looks  horizontally  forwards  or 
upwards  there  is  no  diplopia.  But  when  he  looks  downwards  and 
outwards,  diplopia  appears,  the  false  image  standing  lower  than  the 
true,  and  having  its  upper  end  tilted  towards  the  other  (Fig.  64). 
The  false  image  also  appears  to  the  patient  nearer  to  him  than  the 
true,  the  reason  for  which  is  obscure.  Moreover  the  patient  feels 
giddy,  especially  when  he  looks  downwards,  as  in  walking  downstairs, 
and  he  habitually  inclines  his  head  forward  and  towards  the  sound 
side. 

Paralysis  of  th*e  Sixth  Nerve  is  particularly  easy  to  recognise. 
There  is  merely  paralysis  of  the  external  rectus,  with  inability  to 
turn  the  eye  outwards  beyond  the  mid-point,  all  other  movements 
being  normal  (Figs.  67  and  67a),  and  there  is  diplopia  on  looking 


,  Fig,  67,  Fig.  67 a. 

Case  of  paralysis  of  the  left  sixth  nerve. 

Fio.  67  shows  the  normal  movement  of  both  eyes  on  looking  to  the  right. 
Fig.  67a  shows  attempted  movement  of  eyes  to  the  left.     The  left  eye  sticks 
at  the  mid-position. 

outwards.  In  old  cases  in  which  contraction  of  the  non-paralysed 
internal  rectus  has  supervened,  an  internal  strabismus  results. 

Sometimes  an  external  ocular  muscle  is  attacked  by  rheumatic 
myositis,  which  causes  an  ocular  palsy  of  benign  form.  The  nniscle 
most  frequently  thus  affected  ip  the  external  rectus. 

Ocular  paralyses  differ  in  type  according  as  they  are  due  to  a 
supra-nuclear  lesion  (between  the  second  frontal  gjrus  and  the 
ocular  nuclei),  a  nuclear  lesion  in  the  mid-brain,  or  an  infra-nuclear 
lesion  of  the  individual  nerves  such  as  we  have  just  described. 

Ocular  paralysis  from  a  supra-nuclear  lesion  never  attacks  a  single 
ocular  muscle  or  even  a  single  eye.  On  the  contrary,  associated 
muscles  of  both  eyes  are  affected.  The  common  type  of  paralysis 
from  a  destructive  lesion  at  or  above  the  internal  capsule  is  one  in 
which  the  patient  loses  the  power  of  turning  both  eyes  towards  the 
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contra-lateral  side.  Therefore  the  unopposed  antagonists  draw  both 
eyes  over  towards  the  side  of  the  lesion ;  this  is  called  conjugate  devia- 
tion. In  certain  cases  of  conjugate  deviation,  although  the  patient 
can  no  longer  turn  his  eyes  voluntarily  to  one  side,  say  the  right, 
he  can  do  so  reflexly  by  fixing  some  object  directly  in  front  with  his 
eyes,  this  object  being  then  moved  towards  the  right  or  the  patient's 
head  being  passively  rotated  to  the  left.^  Curiously  enough,  con- 
jugate deviation  upwards  or  downwards  does  not  occur  from  a  par- 
alytic lesion  of  the  internal  capsule,  unless  a  bilateral  lesion  be  present. 


ColKculus  soji, 
Corp.  geiiicuia- 
turn  mediale 


Trigonum 
hypoglosn 
Nuc.  spinalis  V 


Nuc.  com- 
Cajal 


Fig.  68.— Dorsal  view^ormid-brain'and  medulla,  with  positions  of  various  cranial 

nerve  nuclei. 


In  supra-nuclear  lesions  refl^  nystagmus  is  still  preserved.  Barany* 
has  shown  that  reflex  nystagmus  can  be  produced  in  normal  indi- 
viduals in  two  ways.  Firstly,  there  is  oftic  tiystagmus,  produced  by 
making  the  patient  watch  a  rapidly-moving  landscape  when  looking 
out  of  the  window  of  a  railway  carriage,  or  by  making  him  watch  a 
series  of  vertical  bars  on  a  horizontally  revolving  cylinder.  Secondly, 
there  if  vestibular  nystagmus,  produced  either  by  rapid  rotation  of  the 

1  Bielschow3k}%  Munchemr  medizinische  Wochenschrijt,  1903,  s.  1666. 

2  Baranv,  ibid.,  1907^  s.  1072. 
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individual  on  a  revolving  chair  (rotation  to  the  right  producing  hori- 
zontal nystagmus  to  the  left  and  vice  versd)^  or  by  syringing  the  ear 
with  cold  water,  stimulation  of  the  right  ear  producing  nystagmus, 
partly  horizontal  but  mainly  rotatory,  to  the  left  and  vice  versa  (see 
above,  p.  130).  If  the  vestibular  nerve  be  diseased,  reflex  vestibular 
nystagmus  is  abolished. 

Skew  deviation  of  the  eyes  occurs  in  certain  acute  lesions  of  the 
lateral  lobe  of  the  cerebellum  or  of  its  middle  peduncle.  Thus  in  a 
woman  with  a  fatal  haemorrhage  in  the  right  half  of  the  cerebellum 
and  pons,  the  right  eye  was  directed  downwards  and  inwards,  and 
the  left  eye  upwards  and  outwards. 

A  nuclear  lesion  of  the  third,  fourth,  or  sixth  nuclei  in  the  floor 
of  the  Sylvian  aqueduct  may  be  partial  or  complete,  and  the  type 
of  ocular  palsy  which  results  is  called  nuclear  ophthalmoplegia.  In 
some  cases  the  fibres  for  the  ciliary  ganglia,  or  the  ganglia  themselves, 
or  short  ciliary  nerves  to  the  internal  ocular  muscles  (iris  and  ciliary 
muscle)  are  alone  affected,  and  not  the  external  muscles  of  the  globe. 
The  result  is  ophthalmoplegia  interna,  in  which  the  pupils  arc  dilated 
and  immobile  both  to  light  and  on  convergence.  This  condition  may 
be  unilateral  or  bilateral,  according  as  the  ciliary  ganglia  or  short 
ciliary  nerves  are  affected  on  one  or  both  sides.  It  often  occurs  as  a 
transient  result  of  post-diphtheritic  neuritis.  Ophthalmoplegia  ex- 
terna is  a  nuclear  disease  of  the  Sylvian  aqueduct  affecting  numerous 
external  ocular  muscles,  generally  of  both  eyes  and  often  symmetrically. 
A  fairly  common  type  is  where  the  power  of  upward  rotation  of  the 
eyes  is  lost,  lateral  movements  being  still  possible.  Ophthalmoplegia 
externa  usually  occurs  alone,  less  commonly  it  is  associated  with  the 
internal  variety.  When  both  varieties  are  combined  we  have  total 
ophthalmoplegia,  in  which  the  eyes  are  fixed  and  motionless,  the 
pupils  being  inmiobile,  both  varieties  of  reflex  nystagmus  (optic  and 
vestibular)  being  lost,  and  the  patient  can  look  in  any  particular 
direction  only  by  facing  his  head  that  way  en  Hoc. 

Chronic  nuclear  ophthalmoplegia,  of  slow  onset  and  progressive 
course,  is  sometimes  due  to  the  toxins  of  syphilis  or  of  disseminated 
sclerosis. 

Acute  nuclear  ophthalmoplegia,  of  rapid  onset,  sometimes  follows 
acute  fevers,  e.g.  enteric  fever,  dysentery,  or  influenza.  It  also  occurs 
as  part  of  a  primary  disease,  known  as  encephalitis  lethargica.  Like 
acute  poliomyelitis  (see  p.  218),  which  in  some  respecta  it  resembles 
clinically,  although  its  rate  of  onset  is  slower,  as  a  rule,  it  may  occur 
in  epidemic  form.  The  toxin  of  encephalitis  lethargica  hr,s  a  selective 
action  upon  the  oculo-motor  nuclei  in  the  floor  of  the  aqueduct,  and 
may  also  extend  bilaterally  down  to  other  motor  nuclei,  such  as  those 
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of  the  facial  nerves,  and  even  to  the  motor  nuclei  of  the  palate,  larynx 
and  tongue.  After  an  incubation  period  of  a  few  days,  nuclear 
ophthalmoplegia  rapidly  develops,  both  external  and  internal,  together 
with  moderate  pyrexia  and  profound  lethargy,  so  that  the  patient  is 
drowsy  and  stuporose;  he  also  has  severe  and  widespread  muscular 
asthenia.  Nevertheless,  inasmuch  as  the  long  sensory  and  motor 
tracts  in  the  brain-stem  are  unaffected,  there  are  no  sensory  pheno- 
mena, nor  is  there  any  paralysis  of  the  limbs,  whose  reflexes  remain 
unaffected.  Retention  of  urine,  however,  is  a  common  symptom. 
In  a  few  cases,  where  the  virus  exercises  a  selective  action  on  the 
pallidal  system  of  the  corpus  striatum,  the  clinical  picture,  developing 
within  a  few  days,  is  that  of  acute  paralysis  agitans,  with  its  charac- 
teristic facies,  posture,  rigidity,  and  tremors.  The  cerebro- spinal  fluid 
is  usually  normal;  sometimes  it  contains  a  few  extra  lymphocytes. 
The  duration  of  the  stupor  may  vary  from  a  few  days  in  some  cases 
to  several  weeks  in  others. 

An  interesting  sub-variety  of  acute  nuclear  ophthalmoplegia,  known  a? 
botulism,  is  due  to  poisoning  by  meat,  cheese,  or  fish,  infected  with  an 
anaerobic  organism,  the  Bacillus  botulinus  {botulus=a  sausage),  the  toxins 
of  which  have  a  selective  action  upon  the  cranial  nerve  nuclei.  Tlie 
symptoms  resemble  those  of  encephalitis  lethargica,  but  in  addition  there  is 
sometimes  a  toxic  erythematous  rash,  and  tlie  salivary  secretion  is  dimin- 
ished, so  that  the  mouth  becomes  abnormally  dry. 

The  prognosis  of  acute  toxic  ophthalmoplegia,  whether  of  the 
epidemic  lethargic  type  or  of  the  less  common  botulism,  is  grave,  but 
not  necessarily  hopeless.  Even  in  severe  cases,  the  disease  may  run 
an  afebrile  course,  and  recovery,  complete  or  partial,  may  occur  after 
several  weeks,  if  the  nerve-cells  have  escaped  disintegration.  In  fatal 
cases,  death  occurs  from  respiratory  failure. 

Nuclear  ophthalmoplegia,  especially  external  ophthalmoplegia, 
may  be  associated  with  motor  paralysis  of  the  limbs  if  the  lesion 
extends  ventrally  and  implicates  one  or  other  pyramidal  tract;  or  it 
may  be  associated  with  involuntary  tremors  if  the  lesion  affects  the 
red  nucleus  or  rubro-spinal  tract  (Fig.  20,  p.  20). 

Sometimes  it  is  possible  to  differentiate  between  a  nuclear  and 
an  infra-nuclear  ocular  lesion.  In  the  case  of  pandysis  of  the  sixth 
nucleus  in  the  pons,  there  is  not  merely  weakness  of  the  external 
rectus  of  the  same  side,  as  in  paralysis  of  the  sixth  nerve  trunk,  but 
in  addition  the  internal  rectus  of  the  opposite  eye  is  paralysed,  so 
that  conjugate  movement  of  both  eyes  towards  the  affected  side  is 
impaired.  The  weakness  of  the  contra-lateral  internal  rectus  is  only 
in  connection  with  its  associated  movement  with  the  external  rectus 
of  the  ipso-lateral  eye.     This  is  proved  by  the  fact  that,  in  paralysis 
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limited  to  the  sixth  nucleus,  both  internal  recti  can  still  act  normally 
during  convergence.  Again,  since  the  facial  motor  root  loops  round 
the  sixth  nucleus  within  the  pons,  a  lesion  of  the  sixth  nucleus  is  not 
infrequently  accompanied  by  facial  paralysis  on  the  same  side.  The 
sixth  nucleus  is  essentially  an  oculogyre  centre,  turning  both  eyes  to 
the  corresponding  side,  and  therefore  controlling  not  only  the  external 
rectus  of  the  ipso-lateral  side,  but  also  the  internal  rectus  of  the  contra- 
lateral side. 

With  regard  to  the  diagnosis  between  nuclear  and  infra-nuclear 
paralysis  of  the  third  nerve ;  if  in  a  doubtful  case  the  orbicularis  oculi 
is  found  to  be  affected  together  with  the  external  ocular  muscles, 
then  the  lesion  is  in  the  region  of  the  nucleus,  since  the  orbicularis  is 
innervated  by  a  group  of  cells  which  are  in  anatomical  proximity  to 
the  oculomotor  nucleus  (but  which  really  belong  to  the  facial). 

Mendel's  theory  ^  assimied  that  these  cells  belonged  to  the  oculo- 
motor nucleus  and  reached  the  orbicularis  through  the  facial,  but  Bishop 
Hamian^  has  shown  that  all  the  facial  muscles,  from  orbicularis  oculi 
downwards,  are  innervated  from  the  group  of  cells  comprising  the  facial 
nucleus,  the  upper  end  of  this  group  extending  as  high  as  the  oculomotor 
and  the  lower  end  reaching  to  the  level  of  the  hypoglossal. 

Sometimes  transient  ocular  palsy  affects  the  third  nerve  in  whole 
or  in  part,  recurring  in  the  same  eye  without  apparent  cause  at  in- 
tervals of  weeks  or  months,  and  clearing  up  completely  between  the 
attacks.  This  condition,  known  as  migraine  ophthalmo'pleyiqne,  is 
generally  associated  with  headache,  most  intense  in  the  eye  and 
forehead  of  the  affected  side,  and  with  vomiting.  Its  pathology  is 
obscure;  probably  some  cases  are  due  to  an  inflammatory  affection 
of  the  meninges  at  the  point  where  the  third  nerve  pierces  them  to 
enter  the  sphenoidal  fissure.  This  is  all  the  more  probable  inasmuch 
as  the  first  division  of  the  fifth  nerve,  which  traverses  the  sphenoidal 
fissure,  is  often  simultaneously  affected,  with  the  result  that  there  is 
blunting  of  sensation  in  its  area  of  distribution. 

Now  and  then  we  meet  with  congenital  ptosis,  in  which  there  is 
paralysis  of  the  superior  rectus  and  levator  palpebrse  superioris  of  one 
eye.  In  some  of  these  cases,  although  the  patient  cannot  raise  his 
upper  lid  voluntarily,  yet,  curiously  enough,  the  lid  is  jerked  up  when 
certain  jaw  movements  are  made,  particularly  when  the  patient 
throws  into  action  the  external  pterygoid  muscle  of  the  same  side, 
in  depressing  the  lower  jaw  towards  the  opposite  side. 

This  so-called  "jaw- winking**  movement  has  been  suggested  by 
Harman  to  be  the  survival  of  a  movement  in  fishes  whereby,  when 
the  mouth  is  opened  for  breathing  or  eating,  the  gill  swings  open. 

*  International  Med.  Conffrees,  Washington,  1887,  vol.  v.,  p.  311. 
^  Transactions  of  Ophthalmological  Society,  1903,  p.  356. 
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In  man  the  pterygoid  and  c  ^biciilaris  oculi  muscles  are  homologous 
with  the  deep  and  superficial  muscles  of  the  branchial  arch  of  the 
fish's  spiracle,  and  when  the  one  is  contracted  the  other  tends  to 
relax  and  "  the  weak  levator,  taking  advantage  of  the  quiescence  of 
its  too  powerful  opponent,  lifts  the  eyelid." 

Jaw- winking  movements  generally  disappear  before  adult  life. 

The  Fifth  or  Trigeminal  Nerve  has  an  extensive  distribution,  of 
which  the  main  points  are  as  follows : — 

The  nerve  consists  of  two  distinct  parts,  sensory  and  motor.  The 
sensory  root,  the  one  on  which  is  a  large  flattened  ganglion — the  Gasseriau 
ganglion — divides  below  the  ganglion' into  three  divisions,  of  which  the  first 
two  are  entirely  sensory.  The  motor  root  courses  beneath  the  Gasscrian 
ganglion,  and  then  joins  the  third  division,  which  thus  becomes  a  mixed 
nerve. 


Great  Occipital 
Nerve. 


lirstDivisLorv 


SecondJ)ivisi/jni 


Third/DivisioTv 


Small  Occipital 
Nerve 


AijtricalarBranch, 
cfYague  aivdi 
ffervvusinlermediits 


Great  Auriculoir 
Nerve. 


'  CervicalNeryw 
Fia.  69. — Cutaneous  supply  of  head  (modified  from  Frohse). 

The  pst  or  opUhahnic  division  passes  through  the  sphenoidal  fissure 
into  tlie  orbit  and  supplies  the  eyeball  and  lachrymal  gland,  the  conjunctiva 
(except  that  of  the  lower  lid),  the  skin  of  the  forehead  and  scalp  up  to  the 
vertex  (Fig.  69),  the  mesial  part  of  the  skin  of  the  nose,  and  the  mucous 
membrane  of  the  upper  part  of  the  nasal  cavity.  It  also  contains  effererit 
pupil-dilating  fibres  derived  from  the  cervical  sympathetic,  joining  it  at  the 
Gasserian  ganglion,  and  going  to  the  iris  (Fig.  61). 

The  second  or  superior  maxillarij  division  passes  through  the  foramen 
rotundum  across  the  spheno-maxillary  fossa  to  the  infra-orbital  canal. 
In  the  spheno-maxillary  fossa  it  is  connected  with  Meckel  s  ganglion, 
which  gives  ofE  amongst  other  branches  the  Vidian  nerve.  This  latter 
runs  backwards  to  join  the  facial  nerve,  the  posterior  end  of  the  Vidian 
beinjr  named  the  great  superficial  petrosal  (Fig.  70).  The  superior  maxil- 
lary division  supplies  the  skin  of  the  upper  lip,  the  side  of  the  nose  and  the 
adjacent  part  of  the  cheek,  the  lower  eyelid  and  part  of  the  temple.    It 
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also  supplies  the  conjunctiva  of  the  lower  lid,  the  upper  teeth,  the  mucous 
membrane  of  the  upper  lip,  the  upper  part  of  the  cheek,  upper  jaw,  hard 
palate,  uvula,  tonsil,  naso-pharynx,  middle  ear  and  lower  part  of  nasal 
cavity.     It  also  contains  some  taste  fibres  to  which  we  shall  refer  presently. 

The  third  or  injerior  maxilJartf  division  is  a  mixed  nerve.  It  emerges 
through  the  foramen  ovale.  The  niotor  fibres  supply  the  masseter, 
temporal,  and  both  pterygoid  muscles,  also  the  tensor  palati,  tensor 
tympani,  mylohyoid  and  anterior  belly  of  the  digastric.  The  sensory  fibres 
supply  the  skin  of  the  posterior  part  of  the  temple  and  adjacent  part  of  the 
pinna,  the  anterior  and  upper  wall  of  the  external  auditory  meatus,  as 
far  as  and  including  the  anterior  part  of  the  drum,  part  of  the  cheek,  the 
lower  lij)  and  chin,  also  the  lower  teeth  and  gimis,  the  tongue  (as  far  back 
as  the  circumvallate  ])apill.'p),  Hoor  of  mouth,  inner  surface  of  cheek,  and 
salivary  glands. 

The  Course  of  the  Taste  Fibres  is  a  complicated  one  and  still  much 
disputed^  (Fig.  70).  Those  for  the  anterior  two- thirds  of  the  tongue  are 
contained  in  the  lingual  nerve — a  branch  of  the  third  division.  But  they 
do  not  run  straight  up  from  the  lingual  into  the  fifth  nerve.  They  leave 
the  lingual,  course  along  the  chorda  tympani,  and  reach  the  facial  within 
the  Fallopian  aqueduct.  They  run  in  the  facial  as  far  as  the  geniculate 
ganglion,  where  some  may  pass  off  along  the  great  superficial  petrosal  to 
Meckel's  ganglion,  ultimately  rejoining  the  fifth  nerve  through  its  second 
divi-sion.  Most  of  the  taste  fibres  leave  the  geniculate  ganglion  to  enter  the 
nervus  intermedins,  passing  thence  to  the  glosso-pharyngeal  nucleus. 

The  taste  fibres  for  the  posterior  third  of  the  tongue  and  the  palatr 
which  are  supplied  by  the  glosso-pharyngeal  nerve,  probably  enter  the 
brain  through  the  glosso-pharyngeal.  They  do  not  join  the  fifth  ner\'e, 
since  division  of  the  fifth  nerve  by  the  operation  of  removal  of  the  Gasserian 
ganglion  causes  impairment  of  taste  only  in  the  anterior  two-thirds  of  the 
tongue,  and  not  constantly  in  that.  Taste  is  not  abolished  in  fifth  nerve 
palsy,  as  was  formerly  thought,  for  in  several  cases  of  excision  of  the  Gas- 
serian ganglion  I  have  found  that  the  patient,  though  unable  to  feel  the 
contact  of  food  or  other  objects  on  the  affected  side,  still  retained  acute 
sense  of  taste  at  the  back  of  the  tongue. 

To  examine  the  sense  of  taste  we  direct  the  patient  to  protrude 
the  tongue,  and  we  rub  on  it  various  substances  such  as  sugar,  salt, 
quinine,  and  citric  acid,  preferably  in  white  powders,  which  the 
patient  cannot  distinguish  at  sight  one  from  the  other.  The  patient 
must  keep  his  tongue  protruded  throughout  each  test,  and  as  soon 
as  he  feels  a  taste  he  should  make  a  sign  and  also  determine  in  his 
mind  what  the  taste  is,  before  taking  the  tongue  in.  It  is  convenient 
to  have  a  card  with  the  following  words  printed  on  it: — "sweet," 
"  sour,"  "  bitter,"  "  salt,"  "  coppery."  The  patient  can  then  point 
with  his  finger  to  indicate  which  taste  he  perceives.  If  he  be  allowed 
to  pull  the  tongue  in  while  waiting  for  the  sensation  to  arrive,  fallacies 
may  occur  owing  to  movements  of  the  tongue,  and  the  flow  of  saliva 
carrying  the  substance  to  other  parts.     To  map  out  exactly  an  area 

*  Gushing,  Johns  Hopkins  Hospital  Bulletin,  1903,  Nns    144-146.      Davies,  Brain, 
1907,  p.  219. 
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Fig.  70. — Diagram  of  trigeminal,  facial,  and  glosso-pharyngeal  nerves, 
showing  course  of  taste  fibres. 
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of  loss  of  taste  {ageusia)  the  most  accurate  method  is  to  use  a  weak 
galvanic  current  with  a  wire  electrode,  which  produces  a  coppery  or 
metallic  taste. 

When  the  fifth  nerve  is  totally  paralysed  there  is  anaesthesia  of  the 
corresponding  half  of  the  face  and  scalp,  not  extending  as  far  as  the 
angle  of  the  jaw,  this  part  being  supplied  by  the  cervical  plexus 
(E'ig.  69).  The  cornea  and  conjunctiva  on  the  afEected  side  are 
anaesthetic,  and  also  the  mucous  membrane  of  the  corresponding  side 
of  the  nose,  mouth,  part  of  the  soft  palate  and  tongue,  as  far  back 
as  the  circumvallate  papillae  which,  with  the  area  behind,  are  inner- 
vated by  the  glosso-pharyngeal.  This  defect  extends  exactly  to  the 
middle  line,  and  therefore  the  patient  when  drinking  feels  as  if  the 
cup  were  broken.  Food  tends  to  collect  within  the  anaesthetic  cheek, 
the  buccinator  muscle  being  anaesthetic,  though  its  motor  power  is 
unaffected.  Taste  is  impaired  in  the  anterior  two-thirds  of  the  tongue, 
but  does  not  remain  totally  lost.  The  trigeminal  nerve  has  also 
sensory  fibres  for  the  facial  muscles.  Hence  there  is  a  degree  of 
awkwardness  and  apparent  weakness  of  the  face — a  pseudo-facial 
palsy,  due  to  loss  of  the  sense  of  active  muscular  contraction.  All 
the  muscles  supplied  by  the  motor  root  undergo  atrophic  paralysis 
and  develop  the  electrical  reactions  of  degeneration.  There  is  hollow- 
ing of  the  temporal  fossa  above  the  zygoma,  and  wasting  of  the 
masseter  below  it,  so  that  the  zygoma  becomes  abnormally  prominent. 
When  the  patient  clenches  his  teeth,  neither  the  temporal  nor  the 
masseter  can  be  felt  to  harden  as  on  the  normal  side,  and  when  he 
depresses  his  chin  the  mandible  is  pushed  over  towards  the  paralysed 
side  (Fig.  71).  This  is  owing  to  paralysis  of  the  external  pterygoid, 
which  fails  to  draw  the  condyle  forwards  on  the  affected  side.  The 
deflected  mandible  carries  with  it  the  tongue,  but  there  is  no  real 
deviation  of  the  tongue,  when  measured  from  the  middle  line  of  the 
lower  incisors.  Paralysis  of  the  mylohyoid  is  sometimes  evidenced 
by  a  relative  flaccidity  upon  upward  pressure  on  the  floor  of  the 
mouth  on  the  affected  side.  It  is  stated  that  paralysis  of  the  tensor 
tympani  causes  a  difficulty  in  hearing  notes  of  low  pitch,  but  this  is 
not  easy  to  determine.  Secretion  of  tears  on  the  paralysed  side  is 
diminished,  as  is  also  the  secretion  of  nasal  mucus  and  of  saliva.  Con- 
sequently these  mucous  membranes  become  abnormally  dry,  and  may 
show^  secondary  trophic  changes.  Thus  stimulation  of  the  nasal 
mucous  membrane  by  snuff  no  longer  causes  sneezing.  Smell  at  first 
is  unimpaired,  but  later,  from  dryness  and  secondary  trophic  changes 
in  the  Schneiderian  membrane,  there  may  be  anosmia  in  the  affected 
nostril.  The  corneal  and  lachrymal  reflexes  are  lost,  also  the  palatal 
reflex.      The    tongue    on   the    paralysed   side   becomes  excessively 
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fiirred,  probably  because  ou  the  ansesthetic  side  there  is  deficient 
friction  by  food.  The  teeth  on  the  paralysed  side  are  anaesthetic  and 
tend  to  drop  out ;  this  has  been  ascribed  to  a  trophic  change,  but  more 
probably  it  is  mainly  traumatic,  the  patient  biting  clumsily  with  his 
anaesthetic  teeth.  It  used  to  be  stated  that  neuro- paralytic  keratitis 
occurred  in  total  trigeminal  palsy,  owing  to  trophic  changes.  But 
this  is  not  invariably  so;  when  it  does  occur,  it  appears  to  be  due  to 
the  presence  of  a  special  bacillus^  in  the  anaesthetic  eye,  where,  more- 
over, there  is  a  deficiency  of  lachrymal  secretion.  Further,  if  the 
anaesthetic  lids  be  kept  closed  by  a  suture,  keratitis  does  not  occur, 

even    though    the    special 
bacillus  be  present. 

There  is  another  disease 
which  occurs  in  the  terri- 
tory of  the  fifth  nerve, 
viz.  progressive  facial  hemi- 
atrophy. This  disease,  wjiich 
commences  in  early  life — 
usually  before  puberty,  and 
more  often  in  females  than 
in  males — shows  itself  first 
in  the  skin  of  the  face, 
either  near  the  orbit  or  over 
the  upper  or  lower  jaw, 
gradually  spreading  over 
the  whole  face  on  one  side. 
Fig.  71.-Paralysi8  of  Le/uA.Vd  and  of  i^KyA^V^^^^  rpj^e  skin  becomes  thinned 

nerve.     Ihe  patient  is  looking  upwards  and  ^_         r    • 

opening  the  jaw.     Showing  dilatation  of  pupil   from   atrophy   of   its   papil- 

the  lower  jaw  towards  the  right  side.  The  OUS  fat  disappears,  and 
black  line  indicates  area  of  anaesthesia  on  the  ^u  „  xi,-  affftpf^rl  sidp  nf 
right  side  of  the  face.  ''^^^    ''^^    anectea    Siae    01 

the  face  becomes  wrinkled 
and  furrowed,  in  marked  contrast  with  the  healthy  side.  Later  the 
subjacent  muscles,  cartilages,  and  bones  become  atrophic,  but  without 
motor  paralysis  or  reaction  of  degeneration.  The  corresponding  side 
of  the  tongue  (Figs.  72a  and  1(36a),  and  occasionally  that  of  the 
soft  palate,  also  become  wasted.  But  the  hemiatrophied  tongue, 
when  protruded,  comes  out  straight,  unlike  that  of  a  patient  with 
atrophy  from  hypoglossal  palsy  (Fig.  84,  p.  164).  The  hair  on  the 
affected  side  of  the  face  may  fall  out  or  become  white,  and  the 
sebaceous  glands  may  atrophy.  The  scalp  is  rarely  affected.  There 
is  no  anaesthesia. 

*■  Davies  and  Hall,  British  Medical  Journal,  1908,  p.  72. 
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The  area  of  this  disease  corresponds  accurately  with  that  of  the  distri- 
bution of  the  fifth  nerve,  and  in  certain  cases  pathological  changes  have 
b33n  found  either  in  the  nerve  itself  or,  more  constantly,  in  its  nucleus 
of  origin.  Thus  Mendel  found  signs  of  neuritis  in  the  nerve,  together 
with  changes  in  the  spinal  root  of  the  fifth  within  the  medulla.    More 


FlO.  72. 


FHi. 


From  a  case  of  left-sided  facial  hemiatrophy.     Showing  atrophy  of 
corresponding  half  of  tongue. 

recently  Loebl  and  Wiesel  ^  found  an  interstitial  neuritis  of  the  Gasserian 
ganglion  and  of  the  parts  distal  to  it.  Removal  of  the  Gasserian  ganglion 
does  not  produce  hemiatrophy. 

Facial  hemiatrophy  may  also  be  a  symptom  of  syringobulbia,  in 
which  case  we  have  the  characteristic  "  dissociated"  anaesthesia  and 
other  phenomena  (see  p.  198). 

1  Deutsche  ZeUschrififiir  Nervenheillnmde,  1904,  Bd.  27,  s.  356. 


CHAPTER  X 

CRANIAL  NERVES  (corUimed) 

Of  all  the  peripheral  nerves  in  the  body,  cranial  or  spinal,  the  Seventh 
or  Facial  nerve  is  by  far  the  most  frequently  paralysed,  hence  the 
importance  of  knowing  its  anatomical  course  and  distribution.  Like 
the  trigeminal,  it  is  a  mixed  nerve,  possessing  a  motor  root — the  facial 
nerve  proper,  and  a  sensory  root — the  nervus  intermedins  of  Wrisberg. 
These  two  roots  meet  at  the  geniculate  ganglion. 

Let  us  first  consider  the  motor  root.  Arising  from  a  nucleus  situated 
mainly  in  the  lower  part  of  the  pons,  but  some  of  whose  cells  (namely, 
those  for  the  orbicularis  oculi)  extend  as  high  as  the  nucleus  of  the  third 
nerve,  and  others  (namely,  those  for  the  orbicularis  oris)  are  as  low  as  the 
hypoglossal  nucleus,  the  motor  root  of  the  facial  pursues  a  tortuous  course. 
Firstly,  within  the  substance  of  the  pons  it  forms  a  loop  which  hooks  round 
the  nucleus  of  the  sixth  nerve.  Then,  leaving  the  ventral  surface  of  the 
brain-stem,  it  enters  the  internal  auditory  meatus,  and  passes  along  a 
winding  bony  canal  in  the  temporal  bone — the  aqueduct  of  Fallopius.  In 
the  upper  part  of  this  canal  it  traverses  a  swelling,  the  geniculate  ganglion, 
which  is  joined  by  the  sensory  root  or  portio  intermedia  of  Wrisberg,  also 
by  the  great  superficial  petrosal  nerve  from  Meckel's  ganglion,  and  by  the 
small  superficial  petrosal  from  the  otic  ganglion  (see  Fig.  70).  The  otic 
ganglion  is  constituted  by  nerve-cells  similar  to  those  of  the  sympathetic 
ganglia;  the  geniculate  ganglion  is  similar  in  structure  to  a  posterior  root- 
ganglion  and  is  sensory  in  function.  Inflammation  of  this  ganglion  is 
accompanied  by  herpes  of  the  external  auditory  canal  and  adjacent  part 
of  the  auricle,  exactly  analogous  to  herpes  zoster*  (see  Fig.  69,  p.  139). 
Within  the  aqueduct  the  facial  gives  ofi  a  branch  to  the  stapedius,  and, 
lower  down,  the  chorda  tympani  leaves  it  to  join  the  lingual  nerve.  It 
then  emerges  from  the  skull  through  the  stylo-mastoid  foramen,  giving  off 
a  posterior  auricidar  branch  to  the  muscles  of  the  pinna  and  to  the  occipital 
belly  of  the  occipito-frontalis.  The  main  trunk  then  divides  into  its 
terminal  branches,  supplying  all  the  muscles  of  the  face  (except  the  levator 
palpebrsD  superioris)  from  the  frontalis  above  to  the  platysma  below.  It 
also  supplies  the  stylohyoid  and  posterior  belly  of  the  digastric. 

The  facial  nerve  also  contains  efferent  ' '  autonomic ' '  secretory 
fibres,  whilst  the  taate-fibres  of  the  chorda  tympani  accompany  the 
motor  portion  of  the  nerve  in  part  of  its  course.  Thus  lesions  at 
different  levels  can  be  distinguished  one  from  the  other. 

1.  If  the  facial  nerve  is  affected  after  its  exit  from  the  stylo-mastoid 

1  J.  Ramsay  Uuut,  Journal  of  A'ervotw  and  MttUcU  Dieeaees,  liJ07,  p.  73. 
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forame)},  e.g.  by  cold,  or  by  injuries  or  tumours  in  that  region,  the 
result  (Bell's  Paralysis)  is  complete  palsy  of  that  side  of  the  face, 
which  is  therefore  asymmetrical  at  rest,  and  the  asynmaetry  is  exag- 
gerated on  voluntary  movement.  The  patient  has  neither  emotional 
nor  voluntary  movement  of  the  affected  side  (Figs.  73  and  73a). 

The  furrows  of  the  forehead  are  wiped  out,  and  the  patient  cannot 
wrinkle  the  brow  nor  frown  on  that  side.  The  eye  is  more  widely 
open  on  the  affected  side  and  cannot  be  shut.  The  tears  run  down 
the  cheek  instead  of  into  the  lachrymal  duct,  and  may  produce  ex- 


FiG.  73. 


FlQ.  73a. 


Case  of  left-.sided  facial  paLsy.     Fig.  73  at  rest.     Fig.  73a  on  attempt  to 
close  eyes  and  retract  angles  of  mouth. 

coriation  of  the  skin  or  eczema.  When  the  patient  tries  to  shut  the 
eye  he  merely  rolls  the  eyeball  upwards  and  outwards,  or  upwards 
and  inwards,  sometimes  with  a  zig-zag  movement,  until  the  cornea 
passes  under  cover  of  the  upper  lid.  An  additional  sign,  the  "  levator  " 
sign,  pointed  out  by  Dutemps  and  Cestan,^  is  as  follows: — When  the 
patient  looks  down  and  then  attempts  to  shut  both  eyes  slowly,  the 
upper  lid  on  the  paralysed  side  is  seen  to  move  up  a  little  (see  Figs.  74 
and  74a),  owing  to  contraction  of  the  levator  palpebrae,  which  normally 
acts  synergically  with  the  orbicularis  but  is  now  no  longer  antagonised 
by  it.  Another  sign  is  Negro's-  hyper-kinetic  sign  of  the  eyeball 
and  upper  lid.  When  the  patient  looks  upwards  to  the  full  extent 
the  two  eyeballs  become  asymmetrically  placed.     On  the  paralysed 


^  Journal  de  Seurologie,  1904,  p.  4^. 

-  dc  Castro,  Beviie  nenrdoijique,  1U3,  No.  3,  p.  14'J. 
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side  the  globe  deviates  outwards  and  then  comes  to  rest  at  a  highei 
level  than  on  the  normal  side,  probably  owing  to  over-innervation  oi 
the  superior  rectus  muscle. 

The  inability  to  close  the  eye  allows  the  entrance  of  foreign  bodies, 
and  consequently  conduces  to  conjunctivitis.  The  corneal  reflex  is 
abolished,  and  the  regular  involuntary  blinking  of  health  no  longer 
occurs  on  the  paralysed  side.  The  eye  brims  over  with  tears,  so  that 
vision  on  the  affected  side  is  rendered  less  acute.  Curiously  enough, 
though  the  eye  cannot  be  shut  during  waking  hours,  during  sleep  it 
often  closes  almost  completely,  probably  from  relaxation  of  the  levator 
palpebrae. 


t^^^J 

^^^  I         ^ 

^B^^'if  '  .^'^ 

mk 

Fig.  74. 


Fig.  74a. 


Fig.  74. — Case  of  right-sided  facial  palsy:  patient  looking  downwards 

at  observer's  finger. 

Fio.  74a. — The  patient  closes  both  eyes :  olwierve  the  elevation  of  the  right 

upper  lid. 

The  tip  of  the  nose  is  drawn  somewhat  towards  the  sound  side, 
the  naso-labial  fold  on  the  affected  side  is  flattened  out,  the  ala  nasi 
sinks  in  and  shows  no  active  movement,  voluntary  or  respiratory, 
though  it  may  flap  passively  during  forcible  nasal  breathing.  The 
mouth  is  drawn  towards  the  soimd  side,  but  on  the  affected  side  its 
angle  droops  and  saliva  dribbles  from  it.  When  the  patient  smiles 
or  shows  the  upper  teeth,  the  healthy  side  moves  alone;  he  cannot 
whistle,  and  the  articulation  of  labial  consonants  is  impaired.  During 
mastication  food  accumulates  between  the  teeth  and  the  paralysed 
cheek.  The  patient  often  bites  his  cheek  or  lower  lip,  and  during 
forcible  blowing  expiration  the  paralysed  cheek  flaps  loosely.  Volun- 
tary movement  of  the  integmnent  by  the  platysma,  as  in  forcible 
depression  of  the  chin  against  resistance,  is  abolished  on  the  affected 
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Fio.  75. — Diagram  of  facial  nerve,  showing  course  of  secretory  and  of  taste- 
fibres. 
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side.  In  those  patients  who  were  previously  able  to  move  the  ear 
voluntarily,  that  power  is  also  lost.  All  the  paralysed  muscles 
gradually  develop  the  electrical  reactions  of  degeneration.  The 
affected  side  of  the  face  generally  sweats  less  than  the  healthy 
side. 

2.  If  the  lesion  be  within  the  FaUopian  aqiLeduct  below  the  geni- 
culate ganglion,  it  produces  all  the  above  symptoms,  and,  in  addition, 
from  implication  of  the  chorda  tympani,  there  is  loss  of  taste  (and 
sometimes  slightly  of  common  sensation)  in  the  anterior  two-thirds 
of  the  tongue  on  the  affected  side,  and  also  occasionally  abnormal 
subjective  sensations  of  taste,  and  sometimes  diminution  or  excess 
of  submaxillary  and  sublingual  saliva.  The  deficiency  of  taste  and 
of  saliva  may  cause  this  part  of  the  tongue  to  be  abnormally  furred 
up  to  the  middle  line.  If  there  be  paralysis  of  the  nerve  to  the 
stapedius,  there  is  hyperacousis  or  painful  sensitiveness  to  loud  sounds^ 
(presuming  that  the  auditory  apparatus  is  not  affected),  and  the  patient 
can  no  longer  produce  the  subjective  noise  in  the  ear,  which  we  nor- 
mally hear  on  attempting  very  forcibly  to  innervate  the  facial  muscles, 
0 specially  the  orbicularis  palpebrarum. 

3.  If  the  motor  root  of  the  nerve  be  affected  between  its  emergence 
from  the  pons  and  the  geniculate  ganglion^  it  produces  the  same  symp- 
toms as  in  Bell's  paralysis,  but  without  affection  of  taste  in  the  front 
of  the  tongue.  And  since  disease  in  this  region  almost  invariably 
implicates  the  auditory  nerve,  there  is  usually  deafness  also.  If  the 
auditory  nerve  chances  to  escape,  hyperacousis  will  occur  from 
stapedius  paralysis.  Many  cases  have  deficiency  of  tears  on  the 
affected  side.  Most  cases  of  basal  intra-cranial  disease  present  general 
symptoms  also,  such  as  headache,  giddiness  and  vomiting. 

4.  If  the  lesion  of  the  motor  root  be  within  the  substance  of  the 
pons,  facial  palsy  results  as  in  Bell's  paralysis,  but  taste  and  hearing 
are  unaffected.  There  is,  however,  usually  an  accompanying  paralysis 
of  the  sixth  nerve  or  its  nucleus,  since  the  facial  motor  root  hooks 
round  the  sixth  nucleus  within  the  pons. 

Paralysis  of  the  soft  palate  used  to  be  included  in  the  symptoms  of  a 
lesion  of  the  facial  nerve  at  or  above  the  geniculate  ganglion.  But  the 
weight  of  evidence  goes  to  prove  that  the  facial  has  no  share  in  the  innerva- 
tion of  the  palate.  Chvostek  2  in  ]  883,  published  a  case  of  sarcoma  of  the 
facial  nerve  in  which  paralysis  of  the  palate  had  been  observed,  but  that 
was  before  the  days  of  the  Marchi  method,  and  it  is  impossible  to  be  sure 
that  the  lower  roots  of  the  vagus  were  undegenerated.  In  iiis  case  there 
was  also  a  cancer  in  the  tongue. 

1  Mo33  {Z&itschrift  fiir  OhrenheUkunde,  vol.  viii.,  p.  221)  records  a  case  in  which 
the  hyparacousis  was  specially  for  low-pitched  notes. 

2  Wiener  medizinische  Presse,  1883,  s.  34. 
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Slight  cases  of  facial  palsy,  whether  due  to  cold,  middle-ear  affec- 
tion, compression,  or  other  causes,  may  recover  completely  in  one  or 
two  weeks.  More  severe  cases  last  from  two  to  eight  months  before 
recovery  begins.  Or  the  palsy  may  remain  permanent.  In  severe 
cases,  in  which  improvement  does  not  begin  for  three  months  or 
more,  a  spastic  or  contractured  condition  usually  comes  on  as  voluntary 
power  rewppo?.ra.  The  mouth  becomes  drawn  back  again  towards  the 
paralysed  side,  the  palpebral  fisuure,  instead  of  being  wider,  is  narrower 
than  on  the  healthy  side,  and  the  naso-labial  and  other  furrows  not 


IFIG.   76. 


Fig.  76a. 


Caw  of  left-sided  facial  palsy  with  contracture.     Fig.  7U  shows  position  at  rest. 
Fig.  76a  shows  maximum  voluntary  movement. 

only  reappear,  but  become  exaggerated.  The  result  is  that,  at  rest, 
the  healthy  side  may  seem  the  w^eaker  of  the  two,  though  when 
voluntary  movement  takes  place  it  is  easy  to  see  which  is  the  affected 
side  (see  Figs.  76  and  76a).  Together  with  this  contracture  there  is 
always  in  the  spastic  muscles  a  tendency  to  associated  movements . 
Thus,  on  screwing  up  the  eye  on  the  affected  side,  the  angle  of  the 
mouth  becomes  drawn  outwards;  or  again,  on  showing  the  upper 
teeth,  the  eye  becomes  closed.  Sudden  flickers  of  involuntary  fibrillary 
tremors  may  sometimes  be  seen  on  the  affected  side.  The  spastic 
facial  muscles  can  also  be  made  to  contract  reflexly  by  tapping  lightly 
over  the  point  of  emergence  of  the  most  accessible  branch  of  the  fifth, 
viz.  the  supraorbital  nerve.^ 

1  Mondino,  Riviata  di  pafologia  nervosa  e  mentale,  1907,  p.  49. 
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Secondary  contracture  occurs  only  in  cases  of  incomplete  recovery. 
During  the  stage  of  total  paralysis,  when  no  impulses  are  reaching 
them,  the  muscles  are  quite  flaccid.  The  development  of  contracture 
indicates  that  nerve  and  nmscular  regeneration  are  imperfect.  It  may 
be  that  whilst  highly-specialised  pyramidal  impulses  fail  to  reach  the 
afifected  muscles,  the  more  primitive  extra -pyramidal  impulses  (sub- 
liervient  by  less  highly  differentiated  nerve-fibres  and  muscle-fibres) 
are  the  only  ones  which  have  reappeared,  producing  hyper- tonicity 
and  associated  movements. 


Fig.  77. 


Fig.  77.\. 


Fig.  77. — ^Bilateral  facial  palsy,  alcoholic  in  origin,  associated  with  peripheral  neuritis 

of  upper  and  lower  limbs. 
Fig.  77.\. — Maximum  voluntary  movement  of  face,  on  attempting  to  close  the  eyes 

and  to  retract  angles  of  mouth. 


BihlercU  facial  palsy  is  rare.  It  may  be  due  either  to  intra-  or 
extra-cranial  causes,  the  commonest  intra-cranial  cause  being  gum- 
matous basal  meningitis.  Of  the  extra-cranial  causes,  the  most 
important  are  double  otitis  media,  cold,  and  post- diphtheritic  par- 
alysis. Alcoholic  paralysis  rarely  attacks  the  facial  nerve,  but  when 
it  does,  the  affection  is  bilateral,  as  in  the  case  of  the  man  shown  in 
Figs.  77  and  77a,  who  also  had  typical  alcoholic  neuritis  of  the  limbs. 

In  bilateral  facial  palsy  there  is  no  asymmetry  of  the  face,  but 
it  hangs  like  a  fixed  expressionless  mask,  incapable  of  evincing  the 
slightest  emotion. 

Bilateral  facial  weakness  also  occurs  in  the  "  facio-scapulo- 
humeral  "  type  of  myopathy,  to  which  we  shall  refer  in  a  later  chapter. 
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Nervus  Intermedius  of  Wrisberg,  or  Sensory  Root  of  the  Facial. — 

lietween  the  facial  motor  root  and  the  auditory  nerve  at  the  floor  of 
the  cranial  cavity,  and  entering  the  internal  auditory  meatus  along  with 
them,  there  is  a  slender  fasciculus,  known  as  the  portio  intermedia. 

The  fibres  of  this  nerve  are  remarkably  small  in  calibre.  Their  trophic 
centre  is  in  the  cells  of  the  geniculate  ganglion.  Centrally  the  fibres  run 
into  the  medulla,  alongside  the  fibres  of  the  auditory  nerve,  to  join  a  nucleus 
closely  connected  with  that  of  the  glosso-pharyngeal.  Peripherally  from 
the  geniculate  ganglion  fibres  run  along  the  great  and  small  superficial 
petrosal  nerves;  others  along  the  trunk  of  the  facial,  in  the  chorda  tymj)ani. 

The  cutaneous  area  of  the  geniculate  ganglion,  according  to  Ramsay 
Himt's  observations,!  includes  the  tympanic  membrane,  the  external 
auditory  meatus  and  adjacent  skin  of  tragus,  anti-tragus,  concha,  and  part 
of  the  lobule.  The  geniculate  ganglion  also  receives  sensory  fibres  from 
the  inner  ear  and  from  the  middle  ear  with  its  prolongations  (Eustachian 
tube  and  mastoid  cells). 

The  nervus  intermedius  conveys  taste  impulses  from  the  anterior  two- 
thirds  of  the  tongue  upwards  to  the  brain,  by  way  of  the  glosso-jjharyngeal 
nucleus  (Fig.  75,  p.  147).  It  also  contains  autonomic  efferent  secretory 
fibres  which  join  the  submaxillary  ganglion  and  innervate  the  sublingual 
and  submaxillary  salivary  glands. 

Inflammation  of  the  geniculate  ganglion,  analogous  to  inflamma- 
tion of  the  posterior  root-ganglion  in  herpes  zoster,  as  Hunt  has 
pointed  out,  produces  characteristic  symptoms.  These  consist  in 
deep-seated  pain  in  the  ear  and  mastoid  region,  with  herpes  of  the 
auricle  and  external  auditory  canal.  If  the  inflammation  be  intense 
enough  to  implicate  the  motor  fibres  of  the  facial  there  is  facial  palsy 
also,  with  loss  of  taste  in  the  chorda  tympani  distribution.  If  the 
auditory  nerve  be  implicated  there  is  vertigo,  tinnitus,  deafness  and 
even  nausea  and  vomiting.^ 

The  Eighth  or  Auditory  Nerve  comprises  two  entirely  dissimilar 
sets  of  fibres  (see  Fig.  30,  p.  40).  Firstly,  there  are  cochlear  fibres 
from  the  auditory  labyrinth,  subserving  the  function  of  hearing. 
Secondly,  there  are  vestibular  fibres  from  the  semicircular  canals  or 
static  labyrinth;  these  fibres  constitute  the  most  important  nerve 
of  equilibration,  informing  us  of  variations  in  the  position  of  our  head 
in  space,  but  without  producing  conscious  sensations.  The  central 
connections  of  the  cochlear  and  vestibular  nerves  are  also  funda- 
mentally different  (see  p.  40).  Affections  of  the  cochlear  fibres 
produce  auditory  phenomena,  while  disease  of  the  vestibular  fibres 
causes  one  form  of  vertigo,  though  vertigo  and  other  auditory  symp- 
toms often  result  not  only  from  disease  of  the  labyrinth  or  vestibular 
fibres,  but  from  affections  of  the  middle  or  even  of  the  outer  ear. 

^  Brain,  1915,  vol.  xxxviii.,  p.  418. 

2  See  a  case  by  Arthur  Cheatle,  Trans.  Otological  8oc..  vol.  ii.,  p.  U. 
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The  chief  symptoms  referable  to  the  auditory  nerve  are  deafness, 
tinnitus  and  vertigo. 

In  a  patient  who  is  apparently  deaf  we  should  always,  before 
proceeding  to  test  the  hearing,  examine  the  external  auditory  meatus, 
to  make  sure  that  it  is  not  blocked,  e.g.  by  wax.  We  then  test  aerial 
conduction  by  the  ticking  of  a  watch,  the  patient's  eyes  being  shut 
and  one  ear  closed  while  the  other  is  being  tested.  Holding  the  watch 
at  some  distance  from  the  ear,  we  slowly  bring  it  nearer  until  the 
patient  can  j  ust  detect  the  tick.  The  distance  at  which  this  is  heard 
should  be  expressed  as  a  fraction,  the  denominator  of  which  is  the 
distance  at  which  a  normal  ear  hears  the  watch.  If  there  is  deafness, 
we  have  to  determine  whether  this  is  due  to  middle- ear  disease  or  to 
affection  of  the  labyrinth  or  auditory  nerve.  The  tunimj-fork  tests 
help  us  here.  First,  we  try  the  "  lateralising  test "  (Weber's).  Nor- 
mally a  vibrating  tuning-fork,  preferably  C^  (=256  vibrations  per 
second),  placed  on  the  vertex  or  centre  of  the  forehead,  is  heard 
equally  in  both  ears,  and  if  one  ear  be  temporarily  closed  by  the 
finger,  the  note  is  heard  louder  on  that  side.  Next,  we  compare  the 
relative  bone  and  air  conduction  (Rinne's  test).  The  tuning-fork  is 
pressed  firmly  on  the  mastoid  process.  We  then  wait  till  it  is  no  longer 
heard  through  the  bone,  and  find  normally  that  it  is  still  audible 
when  held  close  to  the  external  meatus. 

If  the  middle  ear  be  diseased,  or  if  the  outer  ear  be  blocked  up, 
there  is  loss  of  aerial  conduction,  but  bone-conduction  is  still  pre- 
served. The  tuning-fork  on  the  vertex  is  then  heard  louder  on  the 
affected  side  ("  positive- Weber,")  and  Rinne's  test  is  negative, 
i.e.  the  tuning-fork  is  no  longer  heard  aerially  after  fading  away  on 
bone- conduction.  But  if  the  deafness  be  due  to  affection  of  the 
internal  ear  or  of  the  auditory  nerve— so-called  "  nerve-deafness,"  a 
tuning-fork  on  the  vertex  is  not  heard  on  the  affected  side  ("  negative- 
Weber"),  whilst  as  a  rule  there  is  "  positive-Rinne,"  though  not 
always.  In  deafness  from  chronic  middle- ear  catarrh,  the  hearing 
is  generally  better  in  the  midst  of  a  noise  {e.g.  in  an  omnibus  or  rail- 
way carriage),  than  in  a  quiet  place:— so-called  paracousis  WUlisii,^ 
whereas  in  nerve- deafness  the  reverse  is  the  case.  Additional  localising 
evidence  may  also  be  obtained  from  the  other  concomitant  symptoms. 
Thus  gross  disease  of  the  auditory  nerve  within  the  skull,  e.g.  in  a 
case  of  lateral  extra-cerebellar  tumour,  is  often  accompanied  by  facial 
paralysis,  though  this  conjunction  is  of  value  only  when  middle-ear 

1  Paracousis,  according  to  some  observers,  is  associated  with  abnormally  low 
labyrinthine  pressure,  and  the  temporary  improvement  of  hearing  in  such  patients 
during  a  noisy  journey,  in  a  railway  carriage  or  motor  car,  is  due  to  a  reflex  contraction 
of  the  stapedius  muscle  pushuig  inwards  the  foot  of  the  stapes  and  raising,  for  the  time 
being,  the  pressure  of  the  endolymph  (see  A.  Cheatle,  Trans.  Otol.  Soc.,  1900,  vol.  i., 
ji.  52;  also  C.  Heath), 
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disease  can  be  excluded.  On  the  other  hand,  disease  of  the  labyrinth 
is  often  associated  with  tinnitus  or  vertigo,  and  labyrinthine  deafness 
is  specially  characterised  by  loss  of  perception  for  high-pitched  tones, 
as  tested  by  Galton's  whistle.  Disease  of  the  auditory  nuclei  within 
the^on8)niay  be  associated  with  weakness  of  the  motor  facial  nerve 
of  the  same  side  and  paralysis  of  the  opposite  arm  and  leg. 

Hsrsterical  Deafness. — This  is  specially  common  as  a  war-neurosis. 
After  a  shell-explosion,  especially  one  in  which  the  soldier  has  been 
buried  for  a  time,  the  patient  sometimes  has  a  condition  of  temporary 
paralysis  of  all  his  special  senses,  so  that  he  is,  for  the  time,  blind  and 
deaf  (and  often  mute  as  well).  This  condition  generally  passes  off  in 
a  few  hours.  But  sometimes  recovery  is  incomplete,  and  one  of  the 
special  senses  (most  frequently  that  of  hearing)  remains  hors  de  cmnbal, 
even  without  any  organic  lesion  of  the  auditory  apparatus.  The 
condition  may  last  for  weeks,  or  even  months,  but  ultimately  clears  uj). 

In  cases  of  deafness  with  the  foregoing  kind  of  history,  we  have, 
first  of  all,  by  careful  examination,  to  exclude  coarse  organic  lesions  of 
the  middle  or  inner  ear,  e.g.  rupture  of  the  tympanic  membrane, 
fracture  of  the  petrous  bone  traversing  the  labyrinth,  or  haemorrhage 
within  the  labyrinth.  The  patient's  general  aspect  often  gives  us 
a  clue,  although  we  must  not  forget  that  a  hysterical  subject  may  have 
an  organic  lesion  also.  Jl^sterical  deafness  is  generally  bilateral  and, 
at  ^ist,-4tb8olute^  whereas  deafness  from  a  permanent_organic  lesion 
is  generally  asymmetrical  arid  incomplete.  The  most  difficult  cases 
are  those  in  which  the  diagnosis  lies  between  hysterical  deafness  and 
an  organic  labyrinthine  lesion  with  true  nerve-deafness.  Occasionally 
a  sudden  and  unexpected  loud  noise  {e.g.  that  of  a  bicycle-horn  a  few 
feet  away)  produces  a  slight  reflex  contraction  of  the  orbicularis 
oculorum  in  a  patient  with  hysterical  deafness,  whereas  in  organic 
deafness  this  cochleo-orbicular  reflex  is  absent.  Finally,  the  thermic 
vestibular  tests  (p.  130)  are  often  of  special  value.  In  organic  lesions 
of  the  labyrinth  we  can  no  longer  elicit  vertigo  or  nystagmus  by  this 
means,  whereas  in  hysterical  deafness  these  reactions  are  normal,  or 
even  exaggerated  in  intensity. 

Tinnitus,  or  ringing  in  the  ears,  is  a  subjective  symptom.  It 
signifies  irritation  of  some  j)art  of  the  auditory  apparatus.  The  term 
does  not  include  elaborate  auditory  hallucinations  of  cortical  origin, 
such  as  distinct  melodies  or  voices  uttering  intelligible  words.  The 
nature  of  the  sound  in  tinnitus  varies  in  different  cases;  for  example 
it  may  be  buzzing,  hissing  or  whistling.  Broadly  speaking,  we  recog- 
nise two  main  kinds  of  tinnitus — the  ])ulsating  and  the  continuous. 
Pnlsating  sounds,  synchronous  with  the  pulse,  occur  in  a  few  intra- 
cranial aneurisms  (sometimes  audible  by  the  physician  on  auscultation 
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of  the  skull),  but  are  also  not  infrequent  in  simple  neurasthenia  in 
the  "silent  watches  of  the  night,"  and  in  temporary  Eustachian 
obstruction,  as  in  some  cases  of  coryza.  Curious  "  clicking"  sounds 
in  the  ear  may  result  from  clonic  spasm  of  the  tensor  tympani  muscle. 
Continuous  sounds  may  be  of  high  or  low  pitch.  We  should  always 
observe  whether  they  are  increased  or  diminished  by  the  recumbent 
])osture.  Low-pitched  continuous  tinnitus  may  be  the  result  of 
venous  hyperaemia,  in  which  case  it  is  aggravated  by  recumbency,  or 
of  simple  anaemia,  which  is  relieved  by  lying  down.  Nitrite  of  amyl 
aggravates  tinnitus  when  due  to  hyperaemia  and  relieves  it  when 
due  to  anaemia.  High-pitched  continuous  tinnitus  is  generally  due 
to  labyrinthine  stimulation,  either  from  outer  or  middle-ear  affection 
( perhaps  merely  wax  or  water  in  the  external  meatus,  an  obstructed 
Eustachian  tube,  or  an  indrawn  tympanic  membrane),  or  from  actual 
labyrinthine  disease.  It  is  also  caused  by  certain  drugs,  notably  by 
quinine  and  salicylates.  Such  drugs  induce  deafness  as  well  as  tinnitus, 
and  the  tinnitus  may  persist  for  weeks  after  the  deafness  has  cleared 
up.  Pulsating  tinnitus  due  to  arterial  congestion  can  often  be  arrested 
temporarily  by  compression  of  the  vertebral  artery  supplying  the 
labyrinth,  or  of  the  carotid  supplying  the  external  or  middle  ear.^ 

Vertigo,  or  giddiness,  is  the  peculiar,  disagreeable  sensation  which 
results  if  our  sense  of  secure  equilibration  is  disturbed.  The  process 
of  equilibration  is  a  muscular  act,  in  which  all  the  muscles  in  question 
are  innervated,  of  course,  by  the  cerebral  cortex,  this  latter  being 
again  largely  influenced  by  the  cerebellum. 

The  cerebellum  is  a  co-ordinating  centre  for  equilibration.  It 
receives  afferent  impulses  from  various  sources,  of  which  the  semi- 
circular canals  of  the  inner  ear  are  by  far  the  most  important,  the 
others  coming  from  the  skin  of  those  parts  on  which  the  body  happens 
to  be  resting,  from  the  muscles  and  joints  concerned  in  maintaining  our 
balance,  and  from  the  muscles  of  the  head  and  eyes  concerned  in  look- 
ing  towards  surrounding  objects.  Each  half  of  the  cerebellum  exercises 
a  co-ordinating  influence,  through  the  corresponding  superior  cerebellar 
peduncle,  upon  the  contra-lateral  cerebral  cortex,  and  thus  upon  the 
muscles  of  the  ipso-lateral  limbs. 

Giddiness  is  often  accompanied  by  a  feeling  of  movement  either 
in  the  patient  himself  (subjective  vertigo)  or  in  external  objects 
(objective  vertigo).  Severe  giddiness  usually  produces  the  motor 
phenomenon  of  reeling  or  staggering. 

Vertigo  may  result  from  affection  either  of  the  higher  cerebral 
centres  or  of  the  co-ordinating  cerebellar  centres,  or  from  affection 
of  any  of  the  afferent  paths  to  which  we  have  already  referred.     Severe 
I  Dundas  Grant,  Brit.  Med.  Journal,  Dec.  24,  1887. 
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vertigo  is  often  accompanied  by  nausea  and  vomiting,  as  in  sea- 
sickness. 

Vertigo  may  occur  in  healthy  people.  Thus,  for  example,  a 
galvanic  current  of  10  to  15  milliamperes  passed  transversely  through 
the  head  produces  a  variety  of  giddiness  probably  due  to  labyrinthine 
stimulation.  In  this  galvanic  vertigo  the  patient  tends  to  walk  or 
fall  towards  the  side  of  the  positive  pole,  and  his  head  and  eyes  are 
also  rotated  in  that  direction,  accompanied  by  a  rotatory  nystagmus, 
until  the  moment  of  stopping  the  current,  when  he  tends  to  fall  towards 
the  side  of  the  negative  pole. 

Rapid  rotation  of  the  body  round  its  own  axis,  as  in  waltzing,  or 
rapid  changes  in  our  position  in  space,  as  in  swinging,  produce  giddiness 
which  is  probably  due  to  variations  in  the  pressure  of  the  endolymph 
within  the  semicircular  canals. 

Some  people  feel  giddy  when  stepping  unexpectedly  from  a  firm 
surface  on  to  a  piece  of  boggy  turf,  or,  as  in  a  famous  Edinburgh 
street,  on  to  a  piece  of  indiarubber  pavement,  this  variety  of  vertigo 
being  due  to  deficient  sense  of  resistance  conveyed  from  the  skin  of 
the  soles  and  from  the  muscles  and  joints  of  the  lower  limbs. 

The  giddiness  produced  by  standing  near  the  edge  of  a  cliflf  or  of 
a  high  tower  is  most  probably  dt'^  to  loss  of  muscular  impressions 
from  the  ocular  muscles.  Ordinarily  we  have  surrounding  objects  at 
or  above  our  own  level  with  which  to  compare  our  position  in  space, 
and  if  such  objects  are  absent,  vertigo  may  result. 

Vertigo  is  also  associated  with  various  pathological  conditions. 
Among  the  intra-cranial  causes  we  may  mention  blows  on  the  head 
(this  variety  is  often  relieved  by  repeated  small  doses,  about  y\  grain, 
of  perchloride  of  mercury),^  and  sudden  cerebral  ancBtnia  or  hypercemia. 
A  distinguished  member  of  the  medical  profession  who  was  the  subject 
of  aortic  regurgitation  used  to  have  attacks  of  intense  vertigo  if  he 
took  a  saline  aperient.  Probably  in  his  case  the  withdrawal  of  a 
considerable  amount  of  fluid  from  the  circulation  rendered  the  brain 
ansemic — hence  the  vertigo.  It  was  always  relieved  by  the  recumbent 
posture,  while  cardiac  tonics  and  the  avoidance  of  hydragogue  cath- 
artics prevented  its  recurrence.  Vertigo  from  cerebral  hypersemia  is 
very  common  in  women  about  the  menopause,  also  in  the  arterio- 
sclerosis of  chronic  renal  disease.  In  the  latter  class,  relief  is  often 
obtained  by  the  administration  of  iodides.  It  is  still  more  marked 
in  many  cases  of  cerebral  haemorrhage  or  thrombosis,  of  which  it  may 
be  a  premonitory  signal.  Giddiness  in  old  people  with  atheromatous 
arteries,  if  it  be  associated  with  headache,  and  especially  if  there  be 
no  sign  of  labyrinthine  disease,  should  always  be  regarded  seriously. 
^  Dundas  Grant,  Clinical  Journal,  Oct.  9,  1907. 
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Intra-cranial  tumours  may  cause  giddiness  by  raising  the  general 
pressure  within  the  skull,  and  cerebellar  tumours  are  especially  asso- 
ciated with  vertigo,  even  apart  from  increased  intra-cranial  pressure. 
Intra- cerebellar  tumours  of  the  lateral  lobe  produce  a  vertigo  in  whicli 
the  subjective  sense  of  rotation  of  the  body  is  in  the  same  direction 
as  that  of  the  apparent  movement  of  surrounding  objects,  i.e.  away 
from  the  side  of  the  lesion.  In  extra-cerebellar  tumours,  while  external 
objects  appear  to  move  away  from  the  side  of  the  lesion,  the  sense  of 
subjective  rotation  is  reversed,  i.e.  towards  the  side  of  the  lesion. 

A  characteristic  form  of  vertigo  has  also  been  described  by  Bruns,^ 
and  confirmed  by  various  other  observers.^  It  is  produced  by  the 
presence  of  a  cysticercus  in  the  fourth  ventricle.  Sometimes  the  worm 
is  anchored  to  the  ependyma,  sometimes  it  is  swimming  free.  The 
patient,  who  otherwise  shows  no  sign  of  intra-cranial  organic  disease, 
has  paroxysms  of  violent  vertigo,  chiefly  on  sudden  movement  of  the 
head,  either  active  or  passive,  causing  a  temporary  shifting  of  the 
position  of  the  worm.  He  also  has  attacks  of  occipito-frontal  head- 
ache with  vomiting;  his  gait  is  tottering  and  unsteady,  and  glycosuria 
is  not  uncommonly  present.  The  cerebro-spinal  fluid  may  show 
eosinophilia,  a  sign  which  is  practically  pathognomonic,  and  there  is 
usually  also  an  increase  of  eosinophiles  in  the  circulating  blood.  There 
may  be  intervals  during  which  he  is  apparently  well,  and  the  case 
may  be  mistaken  for  hysteria.  Death  usually  occurs  suddenly  from 
respiratory  jjaralysis. 

Vertigo  is  associated  with  certain  degenerative  diseases,  notably 
with  disseminated  sclerosis.  Vertigo  is  frequently  the  "  aura  "  of  an 
epileptic  fit,  or  may  accompany  the  headache  of  an  attack  of  migraine. 
A  hereditary  family  form  of  giddiness  has  also  been  described. 

Toxic  vertigo  from  alcohol  or  tobacco  is  a  familiar  type,  and  to 
the  toxic  class  we  may  also  refer  cases  produced  by  gastric  disorder, 
by  constipation,  and  by  some  cases  of  intestinal  parasites,  though  in 
the  last  instance  a  reflex  element  may  also  be  present.  Giddiness  is 
often  present  in  neurasthenic  and  hysterical  patients,  in  whom  it 
may  be  elicited  by  the  slightest  exciting  cause,  for  example  by  rectal 
examination. 

Ocular  vertigo  occurs  in  cases  of  paralysis  of  any  of  the  external 
ocular  muscles,  and  is  associated  with  diplopia.  The  visual  field  being 
erroneously  projected,  the  patient  judges  wrongly  as  to  the  relation 
of  his  body  to  what  he  sees.  "  Objects  appear  to  be  in  certain  positions 
where  the  patient's  feet,  as  a  matter  of  fact,  fail  to  find  them  "  (Hugh- 
lings- Jackson).     The  giddiness  in  such  cases  is  not  due  directly  to 

1  OentraMattjur  Neurologie,  1902,  s.  565.  • 

2  Osterwald,  Neurologisches  CentraiblaU,  1906,  s.  Jbo. 
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the  diplopia,  for  it  persists  when  the  sound  eye  is  covered.  This  con- 
dition can  be  imitated  in  health  by  closing  one  eye  and  displacing 
the  other  eye  inwards  by  pressure  with  the  finger,  when  if  the  individual 
tries  to  walk  along  a  straight  line  his  gait  becomes  very  unsteady. 

But  in  the  majority  of  cases  vertigo  is  associated  with  some  dis- 
order of  the  ear.  It  may  result  from  wax,  or  foreign  bodies  in  the 
meatus,  or  it  may  supervene  during  ear-syringing,  especially  if  there 
be  a  perforation  of  the  drum.  The  pathological  cause  may  also  lie 
in  the  middle  ear,  as  in  otitis  media  or  obstruction  of  the  Eustachian 
tube,  or  the  condition  may  result  merely  from  sneezing  or  blowing 
the  nose,  also  from  spasm  of  the  tensor  tympani  muscle. 

Lastly,  there  is  what  is  known  as  Meniere's  disease  or  labyrinthine 
vertigo.  This  has  three  main  classes  of  symptoms:  firstly,  giddiness 
and  reeling,  due  to  affection  of  the  semicircular  canals;  secondly, 
deafness  and  tinnitus,  due  to  affection  of  the  auditory  fibres;  and 
thirdly,  associated  bulbar  phenomena,  such  as  nausea  and  vomiting, 
cardiac  failure,  cold  clammy  sweat,  etc.,  due  to  affection  of  adjacent 
medullary  centres. 

The  vertigo  of  Meniere's  disease  is  paroxysmal,  and  comes  on  with 
such  suddenness  that  the  patient  may  fall  to  the  ground  as  if  struck 
down  by  an  unseen  hand.  In  other  cases  he  reels,  but  has  time  to 
clutch  at  some  neighbouring  object  to  prevent  himself  from  falling. 
The  giddiness  lasts  sometimes  for  hours;  slighter  attacks  may  pass 
off  in  a  few  minutes.  It  is  increased  by  movement,  and  the  slightest 
attempt  to  raise  the  head  may  induce  vomiting.  The  direction  in 
which  the  patient  falls  is  usually  forwards  or  towards  one  side,  and 
commonly  away  from  the  side  of  the  affected  ear.  Not  infrequently 
nystagmoid  jerks  of  the  eyes  occur  during  the  attack,  and  double 
vision  has  also  been  observed.  The  vertigo  is  frequently  accom- 
panied or  followed  by  headache,  nausea  and  vomiting,  lasting  some- 
times for  hours.  Together  with  these  there  are  characteristic  auditory 
phenomena,  generally  a  sudden  loud  noise,  usually  unilateral.  There 
is  also  deafness,  more  or  less  complete,  on  the  same  side  as  the  tinnitus, 
with  diminution  or  loss  of  bone-conduction.  A  certain  degree  of 
deafness  and  tinnitus  remains  between  the  attacks,  but  is  rarely 
absolute. 

Such  symptoms,  occurring  with  apoplectiform  suddenness,  con- 
stitute the  typical  picture  of  Meniere's  disease.  But  frequently  the 
paroxysms  are  much  slighter,  and  unassociated  with  nausea  or  vomit- 
ing, so  that  the  patient  may  simply  have  sudden  transient  giddiness. 
But  the  attacks  tend  to  recur;  rarely  does  a  patient  escape  with  a 
single  attack.  The  intervals  between  them  vary;  they  may  gradually 
decrease  in  frequency,  or  may  progressively  increase  until  after  sue- 
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cessive  attacks  the  deafness  becomes  absolute.    The  vertigo  then 
usually  ceases. 

Labyrinthine  vertigo  is  distinguished  from  epileptic  vertigo  by 
the  coexistence  of  vertigo  with  tinnitus  and  deafness.  Loss  of  con- 
sciousness, which  is  the  rule  in  epilepsy,  is  rare  in  labyrinthine  vertigo. 
From  cerebral  haemorrhage  or  thrombosis  it  is  distinguished  by  the 
presence  of  auditory  phenomena,  and  by  the  absence  of  signs  of  a 
focal  brain  lesion. 

The  pathology  of  Meniere's  syndrome  is  obscure.  Meniere  himself 
described  a  hsemorrhagic  effusion  in  the  inner  ear.  But  as  Arthur 
Cheatle^  has  luminously  suggested,  the  phenomena  are  in  many 
respects  closely  analogous  to  those  of  glaucoma,  and  may  possibly 
be  due  to  a  sudden  rise  of  tension  in  the  endolymph  or  perilymph, 
whether  produced  by  haemorrhage  or  other  causes  in  the  labyrinth 
or  by  sclerosis  of  the  middle  ear,  whereby  the  fenestra  oralis  and 
fenestra  rotunda  become  fixed,  thereby  depriving  the  inner  ear  of 
safety-valves  which  normally  permit  of  compensation  for  sudden 
changes  in  labyrinthine  pressure.  Labyrinthine  vertigo  often  yields 
to  bromides  or  to  small  doses  {\  to  1  grain)  of  quinine. 

A  focal  lesion  of  Deiters'  nucleus  produces  sudden  vertigo  and 
reeling,  together  with  nausea,  acute  distress,  transient  tinnitus  or 
deafness,  nystagmus,  and  sometimes  pain  in  the  distribution  of  the 
trigeminal  nerve.  All  these  phenomena  are  easily  explicable  when 
we  remember  the  connection  of  Deiters'  nucleus  with  the  cerebellum 
and  with  the  oculomotor  nerves  (see  p.  40),  and  its  close  proximity 
to  the  sensory  nucleus  of  the  trigeminal. 

No  case  of  isolated  palsy  of  the  Ninth  or  Glosso-pharyngeal  Nerve 
has  yet  been  observed  in  man,  so  that  its  exact  functions  are  not 
completely  determined.  Our  chief  information  is  derived  from  a 
study  of  lesions  of  the  foramen  lacerum  posticum,  in  which  the  glosso- 
pharyngeal nerve  is  damaged  in  conjunction  with  the  vagus  and 
accessorius. 

We  know  that  it  supplies  taste-fibres  to  the  posterior  third  of  the  tongue 
and  to  the  soft  palate.  It  probably  also  supplies  the  taste  buds  which 
exist  on  the  epiglottis  and  on  the  arytenoid  cartilage.  The  glosso-phar>'n- 
geal  is  also  a  nerve  of  common  sensation  for  the  back  of  the  tongue,  part 
of  the  soft  palate  and  upper  part  of  the  pharynx.  Its  motor  fibres  supply 
the  superior  and  middle  constrictors  of  the  pharynx,  together  with  the 
stvlo-pharvngeus.  The  superior  constrictor  is  supplied  Ji rough  the 
pharvngea'l  plexus  (constituted  by  pharyngeal  branches  from  the  glosso- 
pharyngeal, the  vagus,  and  the  cervical  sympathetic).  The  glosso- 
pharvngeal  nerve  also  sends  efferent  secretory  fibres  to  the  |)arotid 
gland. 

1  Archives  of  Otology,  vol.  xxvi.,  1897,  p.  18J». 
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Paralysis  of  the  nerve  causes  anaesthesia  of  the  back  of  the  tongue 
and  pharynx,  difficulty  in  swallowing  and  deficient  taste  in  the  posterior 
third  of  the  tongue.  In  man,  unilateral  paralysis  of  the  superior 
constrictor  is  visible  as  a  "  curtain  movement  "  of  the  pharyngeal  wall 
towards  the  non-paralysed  side,  at  the  commencement  of  the  act  of 
deglutition.  There  is  also  difficulty  of  swallowing  solid  foods,  owing 
to  inability  to  grasp  the  bolus  properly  by  means  of  the  pharyngeal 
constrictors.  In  animals  when  this  nerve  has  been  divided  experi- 
mentally, the  pharynx  and  oesophagus  remain  tonically  contracted, 
owing  to  paralysis  of  the  "  autonomic  "  inhibitory  fibres  contained  in 
the  glosso-pharyngeal. 

The  Tenth  Nerve,  Vagus,  or  Pneumogastric  Nerve,  according  to 
modern  nomenclature,  is  held  to  include,  not  only  the  vagus  itself  as 


FiQ.  78. — Paralysis  of  the  right  side  ot  the  palate.  The  patient  is  saying  ''Ah,"  and 
the  palate  is  pulled  ui>  towards  the  left  side.  The  arrow  ])oints  to  the  centre  of 
the  uvula. 

formerly  recognised,  but  also  those  roots  which  used  to  be  called  the 
"  bulbar  part  of  the  spinal  accessory."  Nowadays  the  term  "  spinal 
accessory  "  is  limited  to  the  spinal  part  of  the  accessorius  which  arises 
from  an  entirely  separate  nucleus,  whereas  the  old  "  bulbar  part " 
is  derived  from,  and  belongs  to,  a  continuation  of  the  vagus  nucleus 
(nucleus  ambiguus)  in  the  medulla. 

The  vagus  has  a  most  extensive  distribution.  It  contains  both  cerebro- 
spinal and  autonomic  fibres  and  supplies  the  pharynx,  larynx,  oesophagus, 
heart,  lungs,  stomach,  and  partly  even  the  intestines  and  spleen.  By  its 
auricular  branch  it  also  supplies  part  of  the  skin  of  the  outer  ear.  Of  its 
pulmonary  autonomic  fibres  some  are  motor  for  the  bronchial  muscles; 
others  are  sensory  for  the  respiratory  passages.  The  vagus  is  both  motor 
and  sensory  for  the  oesophagus  and  larynx,  sensory  for  the  stomach,  and 
partly  motor  for  the  stomach  and  intestines. 

Its  lowest  roots  of  origin  are  those  which  are  of  the  greatest  diagnostic 
importance,  for  they  contain  motor  fibres  for  the  levator  palati  and  the 
larynx,  together  with  autonomic  efferent  inhibitory  fibres  for  the  heart. 
With  the  exception  of  the  crico-thyroid  muscle,  which  is  innervated  by  the 
superior  laryngeal  branch,  all  the  larj^ngeal  muscles  are  supplied  through 
the  inferior  or  recurrent  laryngeal  nerve. 
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The  s}niiptoin8  of  vagus  paralysis  vary  according  to  the  site  of 
the  lesion.  Intra-cranial  lesions  may  affect  all  its  roots  of  origin,  or 
may  attack  the  upper  or  the  lower  roots  alone.  In  the  latter  case 
there  is  often  a  concomitant  affection  of  the  adjacent  hypoglossal 
nerve. 

If  the  whole  of  one  vagus  trunk  be  affected,  there  is  unilateral 
paralysis  of  the  palate  and  larynx  {Avelliss  syndrome),  together  with 
ansBsthesia  of  the  larynx  on  the  affected  side.  The  only  way  to  recognise 
a  unilateral  paralysis  of  the  palate  is  to  watch  the  movement  of  its 


Fig.  79. — Organic  laryngeal  paralyses  (Barwell). 

I.  Left  abductor  paralysis,  duriug  inspiration. 
n.  Left  abductor  paralysis,  during  phonation. 
m.  Left  recurrent  laryngeal  paralysis,  during  inspiration. 
IV.  Left  recurrent  laryngeal  paralysis,  during  phonation. 

median  raphe  when  the  patient  utters  a  long  "  Ah."  Normally  the 
raphe  rises  straight  up.  But  if  one  side  of  the  palate  be  paralysed 
the  healthy  side  alone  pulls  upwards  and  the  raphe  deviates  to  the 
sound  side,  forming  a  characteristic  dimple  (Fig.  78). 

If  both  vagi  be  paralysed,  there  is  tachycardia  and  irregularity 
of  the  heart,  from  paralysis  of  the  cardio-inhibitory  fibres.  There 
are  also  slowness  and  irregularity  of  respiration.  These  do  not  occur 
in  unilateral  vagus  palsy.  Gastric  symptoms  have  also  been  ob- 
served even  in  unilateral  cases,  such  as  gastric  dilatation,  vomiting, 
gastric  pain,  and  loss  of  the  sensations  of  hunger  and  thirst. 

Of  all  these  symptoms,  the  most  constant  and  easiest  to  recognise 
are  the  affection  of  the  soft  palate  and  the  laryngeal  palsy. 
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Paralysis  of  the  recurrent  laryngeal  nerve  may  occur  alone.  The 
commonest  cause  is  aortic  aneurism,  wliieh  frequently  compresses  the 
nerve  on  the  left  side.  Mediastinal  growths  may  also  compress  it. 
Or  its  paralysis  may  even  be  the  result  of  mitral  stenosis,  when  the 
left  auricle  becomes  dilated  and  thus  compresses  the  nerve  directly 
against  the  pulmonary  artery,  or  the  auricle  may  force  the  left  bronchus 
upwards  and  compress  the  nerve  against  the  aortic  arch.^ 

In  recurrent  laryngeal  paralysis  the  vocal  cord  on  the  affected  side 
is  immobile,   fixed  in  the  cadaveric  position,  i.e.  midway  between 


Fig.  80, — Functional  laryngeal  paralyses  (Banvell). 

v.  Adductor  paresis — all  the  adductors  affected — plionation. 
VI.  Adductor  paresis — arytenoideus  unaffected^phonation. 
Vll.  Paralysis  of  the  thyro-arytenoidei — phonatioii. 
VIII.  Paralysis  of  the  arytenoideus — phonatiou. 

abduction  and  adduction,  and  the  voice  is  generally  hoarse  though  not 
absent,  since  during  phonation  the  healthy  cord  can  cross  the  middle 
line  to  meet  the  paralysed  one.  If  both  recnrrent  laryngeals  be 
})aralysed,  both  vocal  cords  are  motionless  and  in  the  cadaveric 
position,  and  phonation  is  impossible,  since  the  cords  cannot  be 
brought  together.     There  is  no  stridor  except  on  deep  inspiration. 

It  is  here  convenient  to  recall  some  of  the  chief  diagnostic  features 
of  laryngeal  palsies  (Figs.  79  and  80).  Abductor  palsy,  unilateral 
or  bilateral,  is  always  organic,  and  is  often  the  earliest  sign  of  a  com- 
mencing recurrent  laryngeal  nerve  affection,  hi  unilateral  ahdnctor 
palsy  the  voice  is  unaffected,  but  on  laryngoscopic  examination  the 
paralvsed  cord  is  seen  to  be  immobile  during  inspiration,  not  moving 

1  Frischauer,  Wiener  Klin.  IfocAenwAri//,  I)ec.  28,  1905. 
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outwards  like  its  healthy  fellow.  On  phonation  the  cords  meet 
normally.  In  bilateral  abductor  falsy  the  voice  is  also  unaffected, 
since  both  cords  come  together  on  phonation.  And  since  they  no 
longer  move  outwards  during  inspiration,  but  on  the  contrary  are 
sucked  together,  inspiration  is  laboured  and  stridulous,  and  the  patient 
is  in  danger,  since  the  slightest  swelling  of  the  cordir  may  completely 
block  the  glottis.  Paralysis  of  the  interndi'thyro-aryt^noid  muscle, 
which  occurs  in  some  cases  of  early  bulbar  paralysis,  is  characterised 
by  an  oval  instead  of  a  linear  appearance  of  the  glottis  on  attempted 
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Fia.  81. 


Fig.  81a. 


Paralysis  of  right  spinal  accessory  nerve. 

Fig.  81  shows  the  downward  and  outward  displacement  of  the  right  scapula.  Observe 
alteration  in  tlie  lateral  outlines  of  the  neck.  On  the  paralysed  side  the  outline  is  formed 
by  the  levator  auKuli  scapulae;  on  the  normal  side  by  the  trapezius. 

Fig.  81.V  shows  the  patient  attempting  to  depress  the  head  against  resistance.  Observe  the 
absence  of  the  right  sterno-mastoid,  tlie  right  omo-hyoid  being  now  subcutaneous. 

phonation,  owing  to  loss  of  the  support  of  these  muscles.  The  voice 
is  therefore  hoarse,  but  abduction  and  adduction  are  otherwise  un- 
affected. Adductor  'paralysis  is  always  bilateral  and  generally  hys- 
terical. It  is  common  in  hysterical  aphonia.  The  patient  loses  his 
voice,  often  suddenly,  and  talks  in  a  whisper.  There  is  no  stridor, 
and  on  inspiration  the  cords  move  normally  outwards.  But  on 
attempted  phonation  they  do  not  reach  the  middle  line.  The  condi- 
tion often  disappears  suddenly  under  treatment  by  suggestion,  com- 
bined with  laryngoscopy,  or  with  the  application  of  strong  faradic 
shocks  to  the  larynx. 

The  Eleventh  or  Spinal  Accessory  Nerve  is  distributed  to  the  sterno- 
mastoid  and  to  part  of  the  trapezius.    It  is  exclusively  a  motor  nerve. 
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When  it  is  paralysed,  we  have  paralysis  and  atrophy  of  the  sterno- 
raastoid,  which  no  longer  stands  out  on  rotation  of  the  head  to  the 
opposite  shoulder,  nor  on  depressing  the  head  against  resistance 
(Figs.  81  and  81a).  The  sterno-mastoid  receives  a  small  part  of  its 
innervation  from  the  second  cervical  nerve,  and  sometimes  a  number 
of  its  muscle-fibres  survive  even  after  the  spinal  accessory  is  divided. 
The  paralysis  of  the  trapezius  varies  in  degree  according  to  the  extent 
to  which  the  muscle  is  supplied  by  the  spinal  accessory  and  by  the 
cervical  plexus  respectively.  Ordinarily  the  uppermost  fibres  of  the 
trapezius  are  innervated  by  the  spinal  accessory,  whilst  the  middle 


Fig.  82. — Paralysis  of  right  spinal  accessory  nerve,  showing  downward  and 
outward  displacement  of  scapula.  Owing  to  absence  of  the  trapezius,  the 
rhomboid  muscles  on  the  right  side  have  become  subcutaneous. 

fibres  of  the  muscle  are  supplied  by  the  third  and  fourth  cervical  nerve 
and  the  lowest  fibres  of  all  by  the  spinal  accessory.  When  the  trapezius 
is  paralysed,  the  outline  of  the  neck  is  altered,  owing  to  the  levator 
anguii  scapulsB  having  become  subcutaneous,  and  there  is  a  charac- 
teristic deformity  of  the  angle  of  the  shoulder  resulting  from  the  dis- 
placement of  the  scapula  (Fig.  82).  The  scapula  on  the  paralysed  side 
is  displaced  downwards  and  outwards,  and  rotated  outwards,  so  that 
its  inner  border,  instead  of  being  parallel  with  the  spine,  is  inclined 
from  below  upwards  and  outwards.  When  the  patient  braces  his 
shoulders  back,  the  scapula  is  imperfectly  approximated  to  the  middle 
line,  and  the  rhomboids  on  the  paralysed  side  become  visible  sub- 
cutaneously  (Figs.  83  and  83a). 

The  sub-frapezial  plexus  (from  the  third  and  fourth  cervical  nerves) 
is  sometimes  affected  alone,  independently  of  any  lesion  of  the  spinal 
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accessory.  The  symptomF,  as  regards  deformity  (see  Fig.  281,  p.  518), 
are  similar  to  those  of  trapezius  palsy  from  a  spinal  accessory  lesion 
as  above  described,  with  this  difference,  that  the  uppermost  fibres  of 
the  muscle  survive,  and  that  there  is  often  a  patch  of  cutaneous 
anaesthesia  in  the  outer  scapular  region. 

The  Twelfth  or  Hypoglossal  Nerve  is  also  entirely  motor  in  function. 

Immediately  after  its  exit  from  the  skull  it  receives  amongst  other 
connections  a  small  communicating  branch  from  the  cervical  sympathetic. 
The  hypoglossal  supplies  all  the  intrinsic  muscles  of  the  corresponding  half 


no.  83.  T^a-  83a. 

Paralysis  of  right  spinal  accessory  nen  e. 

Fig.  83. — Showing  position  at  rest.  '^ 

Fig.  83A. — Showing  position  on  adduction  of  scapulue. 

of  the  tongue.  Outside  the  skull  it  is  joined  by  branches  from  the  first 
and  second  cervical  nerves,  and  from  these  two  latter  nerves  the  depressors 
of  the  hyoid  bone  are  supphed,  through  the  descendens  hypoglossi. 

The  symptoms  of  h3^oglossal  paralysis  are  very  characteristic 
(Figs.  84,  85,  and  285).  The  corresponding  half  of  the  tongue  becomes 
atrophied  and  wrinkled.  When  the  tongue  is  protruded  the  healthy 
side  causes  the  tip  to  be  pushed  round  to  the  paralysed  side  in  a  sickle- 
shaped  curve.  If  the  nerve  is  divided  suddenly,  by  accident  or 
operation,  the  patient  feels  for  a  few  days  as  if  the  paralysed  half  of 
the  tongue  were  a  foreign  body,  interfering  with  articulation  and  masti- 
cation. But  this  sensation  soon  passes  off  as  the  patient  becomes 
accustomed  to  his  hypoglossal  palsy. 
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If  the  lesion  of  the  hypoglossal  be  extra-craiiial,  after  it  has  received 
the  small  communicating  branch  from  the  cervical  sympathetic,  we 
may  sometimes  observe  vaso-motor  changes  in  the  atrophied  side  of 
the  tongue.  In  two  of  my  cases  in  which  the  twelfth  was  divided 
intentionally  for  the  treatment  of  facial  palsy  by  means  of  facio- 
hypoglossal  anastomosis,  the  tongue  became  pale  on  the  paralysed 
side.  From  unilateral  paralysis  of  the  hyoid  depressors,  the  larynx 
may  be  pulled  over  towards  the  sound  side  during  swallowing. 


Fig.  84. — Paralysis  of  right  hypoglossal  nerve  from  a  stab-wound  belcw 
the  jaw,  showing  atrophy  of  corresponding  half  of  tongue  and  marked 
deviation  to  the  right  when  protruded. 

The  hypoglossal  nucleus  within  the  medulla,  as  we  have  already 
mentioned,  is  closely  connected  with  the  lowest  cells  of  the  facial 
nucleus,  viz.  those  which  supply  the  orbicularis  oris.  Hence  in 
lesions  in  the  neighbourhood  of  the  hypoglossal  nucleus,  the  muscles 
of  the  lips  are  paralysed  together  Avith  those  of  the  tongue.  This 
weakness  of  lips  and  tongue  in  nuclear  lesions  is  generally  bilateral, 
owing  to  the  close  proximity  of  the  hypoglossal  nuclei  to  the  middle  line. 

Intra-cranial  lesions  of  the  hypoglossal  nerve,  e.g.  from  a  patch 
of  syphilitic  meningitis,  very  frequently  involve  other  cranial  nerves 
in  the  neighbourhood. 
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One  of  the  commonest  multiple  palsies  is  that  which  produces 
HiKjhlirujs- Jackson's  syndrome,  viz.  liemiatrophy  of  the  tongue, 
paralysis  of  the  trapezius  and  sterno-mastoid,  and  paralysis  of  the 
vocal  cord  and  soft  palate,  all  on  the  same  side  (Fig.  85).  This  is 
the  result  of  a  lesion  implicating  the  hypoglossal,  the  accessorius,  and 
the  lowest  roots  of  the  vagus. 

Another  variety  of  multiple  palsies  in  this  region  is  produced  by 
a  lesion  {e.g.  from  a  bullet  or  shell  wound)  of  the  foramen  lacenm 
posticum,  causing  combined  paralysis  of  the  vagus,  accessorius,  and 


Fig.  85. — Paralysis  of  spinal  accessory  and  hypoglossal  on  right  side.  ( Hughlings- 
Jackson's  syndrome).  Showing  downward  and  outward  displacement  of 
right  shoulder,  also  atrophy  of  right  half  of  tongue  with  deviation  to  the 
right  on  protrusion. 

glosso-pharyngeal,  all  of  which  traverse  this  foramen.  Such  a  patient 
will  show  unilateral  paralysis  of  the  palate  and  larynx  (vagus),  par- 
alysis of  the  sternomastoid  and  trapezius  (accessorius)  and  deficient 
sensation  of  the  pharynx  and  back  of  the  tongue  with  difficulty  of 
swallowing  (glosso-pharyngeal),  all  on  the  same  side. 

If  the  lesion  extends  from  the  foramen  lacerum  backwards  mto 
the  anterior  condyloid  foramen,  hypoglossal  paralysis  is  superadded, 
with  resulting  hemi-atrophy  of  the  tongue. 

A  still  more  extensive  unilateral  extra-cranial  lesion,  deep  in  this 
same  region,  may  implicate  not  only  the  four  lowest  cranial  nerves, 
but  also  the  cervical  sympathetic  trunk,  producing  pupillary  and 
other  changes  (see  p.  340). 


CHAPTER  XI 
PAIN  AND  OTHER  ABNORMAL  SUBJECTIVE  SENSATIONS 

What  we  call  pain  comprises  two  entirely  different  affairs. 

Firstly,  pain  is  sometimes  a  specific  sensation,  conducted  from 
definite  end-organs  along  special  paths,  in  the  peripheral  nerves, 
posterior-roots,  and  brain-stem,  to  the  thalamus  and  thence  to  the 
cerebral  cortex.  Here  it  is  critically  discriminated,  and  the  painful 
spot  is  duly  identified  and  localised. 

Secondly,  pain  may  be  a  feeling  of  intense  unpleasantness,  or  dis- 
agreeableness,  associated  with  affective  and  emotional  reactions.  This 
is  not  a  true  localisable  sensation,  but  a  diffuse,  unlocalised  experience. 
This  second  type  can  be  induced  not  only  by  stimulation  of  special 
pain- nerves,  but  also  by  stimulation  of  other  nerves,  whether  of  special 
sensibility  {e.g.  an  intense  light  or  a  piercing  sound)  or  of  nerves 
which  normally  give  rise  to  no  conscious  sensation  whatever  {e.g.  in 
visceral  disorders).  These  unlocalised  feelings  are  located,  not  in  the 
cerebral  cortex,  but  in  the  thalamus. 

Mental  distress,'  a  purely  cortical  function,  may  secondarily  in- 
fluence the  lower,  thalamic,  centres  for  pain  and  for  emotional  reflexes, 
thereby  producing  motor  and  secretory  reactions  (crying,  sobbing, 
lacrymation,  etc.),  and  sometimes  also  influences  the  activity  of  many 
of  the  vegetative  functions. 

Pleasure,  on  the  other  hand,  is  not  a  specific  sensation,  but  a 
general  unlocalised  feeling-tone.  It  is  usually  associated  with  the 
performance,  within  physiological  limits,  of  the  normal  activities  of 
the  body.  Sometimes,  however,  pleasure  seems  to  be  a  temporary 
"  swing  of  the  pendulum"  after  the  relief  of  a  pre-existing  pain  or 
discomfort.  Thus,  for  example,  the  pleasurable  sensation  which 
follows  the  emptying  of  a  full  bladder  is  probably  due  to  the  relief 
of  previous  discomfort  owing  to  tension  of  the  bladder- wall;  when 
this  tension  is  relaxed  and  free  discharge  occurs,  the  feeling-tone 
changes  to  one  of  distinct  pleasure.  A  pessimistic  German  philosopher, 
Schopenhauer,  held  that  no  such  thing  exists  as  pleasure,  but  only 
a  temporary  relief  from  pain.  This,  however,  is  untrue,  for  there 
are  numerous  varieties  of  pleasure  which  are  unassociated  with  any 
antecedent  disagreeable  sensation.  The  normal  activities  of  the 
body  are  not  performed  haphazard,  but  are  directed  towards  the 
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accomplishment  of  definite  ends.  When  these  ends  are  attained,  we 
experience  a  feeling-tone  of  pleasure  {joie  de  vivre).  And  it  is  not 
only  the  mere  activity  that  is  pleasurable,  but  still  more  the  feeling 
of  accomplishment,  or,  in  the  case  of  delayed  reactions,  the  hope  of 
accomplishment — the  pleasurable  anticipation. 

Stimulation  of  the  surface  of  the  brain  gives  rise  to  no  pain,  but 
the  meninges  are  exquisitely  sensitive,  the  cerebral  membranes  being 
innervated  by  the  trigeminal  nerve.  Intra-cranial  diseases,  therefore, 
probably  cause  pain  chiefly  through  the  intermediation  of  the  sensitive 
meninges.  It  is  possible,  however,  that  the  pain  in  some  cases  of 
syringomyelia  may  not  be  of  meningeal  origin,  but  due  to  actual 
distension  of  the  syringomyelic  cavity  by  the  fluid  within,  though 
against  this  view  is  the  fact  that  pain  is  a  late  phenomenon  in  this 
disease. 

Spontaneous  sensations  of  discomfort  vary  in  degree  and  in  kind. 
Milder  varieties,  not  amounting  to  actual  pain,  are  classed  as  dys- 
sesthesise.  They  include  such  s}Tnptoms  as  spontaneous  tingling, 
"  pins  and  needles,"  dulness,  itching,  flushing,  etc.,  whilst  among  the 
more  severe  varieties  of  actual  pain  are  the  intense  and  agonising  pains 
of  tic  douloureux,  angina  pectoris,  renal  or  biliary  colic,  or  the  lightning- 
pains  of  tabes. 

In  the  diagnosis  of  the  cause  of  any  particular  dysaesthesia  or  pain, 
there  is  one  invariable  rule  which  we  should  always  follow,  namely 
to  make  a  careful  local  examination  of  that  part  of  the  body  to  which 
the  abnormal  sensation  is  referred.  Only  in  this  way  can  we  escape 
gross  errors,  such  for  example  as  that  of  mistaking  the  pain  of  herpes 
zoster  for  that  of  pleurisy.  In  every  local  pain  we  should  first  search 
for  a  local  cause,  whether  in  the  skin,  muscles,  bones,  joints,  glands, 
or  other  subjacent  structures.  Pain  due  to  local  disease  is  usually 
more  or  less  continuous  and  accompanied  by  objective  phenomena 
such  as  redness  of  the  skin,  swelling  or  tenderness  of  the  diseased 
tissues,  rigidity  of  joints,  and  so  on.  The  painful  cramps  of  tetanus, 
rabies,  and  strychnia  poisoning  are  easily  recognised  and  need  not 
be  further  described. 

Some  pains  are  generalised  all  over  the  body,  for  example,  the 
pains  of  acute  illness  such  as  influenza,  smallpox,  and  other  fevers 
of  rapid  onset.  In  such  cases  the  elevation  of  temperature,  the  presence, 
perhaps,  of  a  rash,  and  usually  the  occurrence  of  other  similar  cases 
in  epidemic  form,  all  help  us  in  the  diagnosis. 

Intractable  paroxysmal  pains  of  hemiplegic  distribution,  m  the 
face,  trunk  and  limbs,  so-called  hemiplegia  dolorosa,  are  highly  sug- 
gestive of  a  lesion  localised  in  the  optic  thalamus.^  In  such  thalamic 
1  Dejerine  and  Roussy,  Bevue  neurdogiqm,  1906,  No.  12. 
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lesions  there  is  also  hemi-anaesthesia  of  the  affected  limbs  and  face, 
henii-hypersBsthesia  to  temperature  and  pin-pricks,  together  with 
spontaneous  choreiform  or  athetoid  movements,  probably  from 
affection  of  the  thalamo-striate  fibres  which  connect  the  thalamus 
with  the  neo-striate  system.  There  is  also  hemiataxy  on  voluntary 
movement.  These  cases  of  hemiplegia  dolorosa  must  be  carefully 
distinguished  from  the  joint-pains  which  are  not  uncommon 
in  ordinary  chronic  hemiplegia,  which  are  due  to  secondary  arthritic 
changes  and  are  usually  alleviated  by  massage,  hydrotherapeutics 
and  anti-rheumatic  remedies. 

Most  cases  of  pain  or  discomfort,  towever,  are  localised  to  some 
more  definite  area,  and  therefore  for  diagnostic  purposes  the  most 
convenient  plan  of  studying  pains  and  other  subjective  sensations 
is  by  considering  the  different  parts  of  the  body  in  turn. 

Headache. — Cephalalgia. — A  diagnosis  of  "  headache  "  alone  is 
never  sufficient.      Headache  is  not  a  disease,  but  merely  a  symptom. 

When  a  patient  complains  of  headache,  local  causes  should  first  of 
all  be  excluded.  Amongst  the  commonest  local  extra-cranial  causes 
we  should  bear  in  mind  rheumatic  myositis  of  the  occipito-frontalis 
muscle,  with  its  characteristic  tenderness  on  brushing  the  hair,  with 
aggravation  of  pain  on  movement  of  the  scalp  and  with  scattered 
areas  of  nodular  induration  in  the  muscle-fibres  recognisable  on  careful 
palpation  and  exquisitely  tender  on  light  pressure.  Deep  pressure, 
on  the  other  hand,  often  relieves  the  pain.  Meanwhile  we  usually 
find  a  considerable  degree  of  rigidity  in  the  muscles  of  the  neck.  This 
headache  is  often  relieved  promptly  by  hot  applications  and  by 
massage.  Erysipelas  is  accompanied  by  local  redness,  heat  and  oedema, 
and  by  fever.  Periostitis  of  the  pericranium  causes  tenderness  on 
pressure  and  is  often  syphilitic  in  origin,  in  which  case  the  pain  is 
commonly  worse  at  nights. 

Headaches  from  local  causes  in  the  cranial  hones  are  most  com- 
monly due  to  inflammation  of  the  mucous  membrane  lining  the  various 
air-cells,  e.g.  the  mastoid,  frontal,  or  ethmoidal  cells,  or  even  to  an 
ordinary  coryza.  Here  the  previous  history  of  the  case,  together 
with  the  local  examination,  will  serve  to  indicate  the  cause.  Less 
frequently  caries  of  the  bones  or  local  exostoses  may  be  present. 
Carious  teeth  often  cause  headache,  referred  especially  to  the  temporal 
region. 

Acute  pain  in  the  forehead  and  eyeball  occurs  during  an  attack  of 
congestive  glaucoma.  There  is  usually  an  early  stage  of  the  disease, 
during  which  the  patient  complains  of  transient  attacks  of  mistiness 
of  vision,  lasting  a  few  hours  at  a  time  (due  to  stretching  and  oedema 
of  the  cornea).    During  these  attacks  the  pupil  of  the  affected  eye  is 
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dilated,  and  the  whole  eye  is  congested,  l^ater,  the  pain  becomes  nioro. 
intense,  visual  acuity  rapidly  diminishes,  and  the  visual  field  becomes 
contracted;  whilst  the  pupil  is  dilated,  often  oval  (with  its  long  axis 
vertical),  and  the  cornea  becomes  steamy  and  insensitive.  The  anterior 
chamber  becomes  shallow,  with  a  discoloured  iris  and  a  peculiar  greenish 
tinge  of  the  lens  (7Xau/co?  —sea-green).  Meanwhile,  the  eyeball  is  very 
tender,  and  feels  intensely  hard  on  palpation. 

Gross  intra-cranial  disease  may  produce  intense  headache,  either 
from  local  affection  of  the  meninges  as  in  the  various  forms  of  meningitis 
(syphilitic,  tuberculous,  or  pyogenic),  or  from  general  increase  of 
intra-cranial  pressure,  as  in  diffuse  meningitis,  intra-cranial  abscess, 
gumma,  or  tumours.  Headaches  of  intra-cranial  origin  are  nearly 
always  paroxysmal,  or  if  there  be  a  continuous  pain,  it  has  paroxysmal 
exacerbations.  These  headaches  are  often  associated  with  the  other 
classic  signs  of  increased  intra-cranial  pressure,  especially  with  nausea, 
vomiting,  and  optic  neuritis.  In  every  case  of  obscure  headache  we 
should  make  a  careful  ophthalmoscopic  examination.  The  position 
of  the  headache  does  not  necessarily  correspond  with  that  of  the 
tumour.  Tumours  of  the  posterior  fossa  produce  the  most  severe 
headache. 

Then  there  are  the  headaches  which  result  from  abnormalities  of 
the  intra-cranial  circulation,  especially  from  arterial  hyperaemia,  as  in 
renal  disease  or  in  suppressed  menstruation  or  temporarily  from  drugs 
such  as  nitrite  of  amyl,  erythrol  tetranitrate,  or  alcohol.  Hypersemia 
produces  a  throbbing  pain,  sometimes  associated  with  giddiness, 
tinnitus,  affection  of  vision,  and  a  tendency  to  attacks  of  epistaxis. 
The  venous  hypersemia  of  severe  cardiac  disease  or  of  emphysema 
may  also  produce  headache,  w^hich  is  aggravated  by  coughing.  The 
headache  of  ansemia  is  probably  mainly  toxic  in  origin,  rather  than 
due  to  actual  deficiency  in  the  supply  of  blood  to  the  head. 

Certain  cases  of  hemiplegia  are  preceded,  for  days  or  even  weeks, 
by  headache.  This  is  sometimes  present  in  cerebral  thrombosis  {en- 
cephalomalacia),  where  a  premonitory  headache  is  of  considerable 
diagnostic  value.  Still  more  frequently  the  onset  of  a  cerebral  hcemor- 
rhage  is  accompanied  by  headache.  Therefore  if  an  elderly  man  com- 
plains of  headaches  and  bleeding  from  the  nose,  we  should  be  cautious 
in  checking  epistaxis  which  may  act  as  a  safety-valve,  and  may  save 
him  from  an  attack  of  cerebral  hsemorrhage.  Cerebral  embolism  is 
not  usually  associated  with  headache. 

There  is  another  group  of  headaches  which  are  produced  by  peri- 
pheral irritation  in  various  parts  of  the  body.  Thus,  for  example, 
visceral  irritation  may  cause  headache,  often  accompanied  by  areas 
of  superficial  tenderness,  as  in  ovarian  or  uterine  diseases,  or  in  the 
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headaches  from  which  so  many  women  suffer  at  the  menstrual  periods, 
and  frequently  also  throughout  the  menopause.  Head  has  pointed 
out  that  the  different  viscera  have  special  areas  of  superficial  tender- 
ness, temporal,  vertical,  or  occipital.  In  some  people  the  swallowing 
of  an  ice  causes  sudden  frontal  headache,  when  the  ice  reaches  the 
oesophagus  or  stomach.  This  is  a  typical  "  reflex  "  gastric  headache. 
Every  autumn  we  come  across  cases  of  "gun  headache"  amongst 
sportsmen,  not  simply  the  result  of  the  auditory  stimulus  of  the  noise 
of  the  gun,  but  due  partly  to  the  shock  of  repeated  recoils  of  the 
weapon,  and  partly  to  the  toxic  fumes  of  cartridges  containing  nitro- 
glycerine. Orbital  headaches  are  fairly  frequent,  sometimes  the 
result  of  disease  such  as  glaucoma  or  iritis,  but  much  more  commonly 
arising  from  errors  of  refraction,  especially  hypermetropia  and  astig- 
matism. Even  apart  from  this,  headache  may  result  from  prolonged 
eye-strain,  e.g.  after  sight-seeing  in  picture-galleries,  being  commoner 
in  people  who  have  some  error  of  refraction. 

A  large  group  of  headaches  are  toxic  in  origin,  the  toxins  altering 
the  intra-cranial  circulation,  usually  in  the  direction  of  raising  the 
blood-pressure.  The  onset  of  certain  infective  fevers  is  associated  with 
headache,  for  example  in  smallpox  and  influenza  (commonly  associated 
with  pain  in  the  back),  in  enteric  fever  (associated  with  dyspeptic 
symptoms),  in  scarlatina,  pneumonia,  etc.  In  such  cases  the  tempera- 
ture, the  characteristic  rash,  and  the  other  signs  and  symptoms  will 
guide  us.  Poisoning  by  toxic  substances  is  also  the  main  cause  of 
the  headache  of  dyspepsia,  whether  it  be  the  well-known  ' '  Katzen- 
janmier" — the  bursting  morning- headache  and  nausea  following  a 
joyous  alcoholic  evening  (this  headache,  by  the  way,  can  often  be  re- 
lieved by  a  20-grain  dose  of  calcium  lactate),  or  the  headache  of  chronic 
dyspepsia  especially  when  associated  with  a  constipated  intestine. 
Headache  also  results  from  poisoning  with  carbonic  oxide,  carbonic 
acid  and  other  atmospheric  sewage  in  ill-ventilated  rooms  or  at 
crowded  meetings.  Other  poisons,  again,  are  autogenetic  in  origin, 
as  are  the  headaches  of  gout,  uraemia,  and  diabetes.  The  typical  renal 
headache  is  occipital  in  situation,  although  it  may  also  occur  in  the 
frontal  or  temporal  regions. 

Sunstroke  causes  acute  diffuse  headache.  Severe  cases  are  often 
accompanied  by  other  symptoms  such  as  delirium,  hyperpyrexia  and 
coma,  together  with  pleocytosis  of  the  cerebro-spinal  fluid.  Neuras- 
thenia and  exhaustion,  whether  from  overwork,  from  excessive  study 
or  from  other  excesses,  are  often  associated  with  headache,  frontal, 
occipital,  or  circular,  feeling  like  a  tight  elastic  band  (douleur  en  casque). 
The  post-epileptic  headache  following  a  fit  is  sometimes  severe  and 
may  be  associated  with  vomiting. 
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Bilateral  headaches  are  most  commonly  toxic.  The  headache  of 
dyspepsia  is  usually  referred  to  the  frontal  region,  that  of  constipa- 
tion  to  the  occiput,  whilst  ^'erti£;al  headaches  are  most  commonly  due 
to  anaemia  or  to  debility. 

Some  cases  of  concussion  of  the  brain  are  followed  by  obstinate 
headaches,  recurring  for  many  months,  e.g.  in  soldiers  who  have  been 
blown  up  by  shell-fire.  Some  of  these  cases  are  associated  with 
cedema  of  the  cerebral  meninges,  demonstrable  afterwards  by  a 
decompressive  operation;  such  cases  are  often  relieved  by  simple 
lumbar  puncture.  Others  again  are  toxic  in  origin,  a  smaller  amount 
of  toxin  being  efficient  in  producing  headache  after  concussion  than 
in  the  case  of  a  healthy  individual,  whilst  in  other  instances  the  head- 
aches occur  on  slight  mental  exertion,  especially  where  the  patient 
has  been  allowed  to  return  to  work  prematurely.  Hence  the  im- 
portance of  complete  physical  and  mental  rest  after  a  severe  head 
injury,  even  in  the  absence  of  signs  of  an  organic  lesion.  Other  cases  of 
persistent  headaches  following  head  injury  are  hysterical  in  nature,  due 
to  the  perpetuation  of  a  transient  pain  by  the  patient's  auto-suggestion. 

Most  of  the  headaches  to  which  we  have  referred  are  bilateral  or 
mesial  in  situation.  Let  us  now  consider  a  different  group — the  uni- 
lateral or  circumscribed  pains. 

Sometimes  these  are  due  to  local  disease  of  the  scalp,  pericranium 
or  skull,  in  which  case  local  examination  will  generally  reveal  the 
cause.  Or  they  may  result  from  intra-cranial  disease,  for  example, 
meningitis,  abscess,  gumma  or  tumour.  If  the  underlying  disease  be 
near  the  surface  of  the  skull,  the  site  of  the  pain  sometimes  corresponds 
with  that  of  the  disease.  But  this  is  by  no  means  always  the  case. 
I  remember  a  striking  case  of  right-sided  cerebellar  tumour  in  which 
the  pain  was  confined  to  the  left  supraorbital  region.  The  growth 
was  diagnosed  and  successfully  removed. 

Some  headaches  are  associated  with  great  pallor  of  the  face — 
apparently  due  to  vasomotor  spasm  of  the  cerebral  vessels,  often 
relieved  by  inhalation  of  amyl  nitrite.  Others  are  associated  with 
arterial  hyperaemia,  throbbing  arteries,  and  a  flushed  face.  These  are 
sometimes  promptly  relieved  by  compression  of  the  carotid  artery 
on  the  corresponding  side.  Such  angio-neurotic  headaches  are  rarely 
bilateral. 

A  very  acute  circumscribed  variety  of  headache  is  known  as  the 
davus  hystericus,  an  agonising  pain  usually  referred  to  the  vertex, 
as  if  a  nail  were  pressing  into  the  brain.  It  occurs  in  certain  cases 
of  hystero-neurasthenia.  It  is  unassociated  with  any  other  evidences 
of  intra-cranial  disease,  and  its  very  intensity  leads  us  to  a  suspicion 
of  its  true  nature. 
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The  pain  of  sick-headache,  or  migraine  (hemicrania),  with  its 
paroxysmal  attacks  recurring  at  intervals  of  days  or  weeks,  the  patient 
during  the  intervals  being  free  from  headache,  is  usually  easy  of  recog- 
nition. The  duration  of  each  paroxysm  varies  from  a  few  hours  to  one 
or  two  days.  Most  cases  begin  in  the  morning  and  last  till  the  same 
evening.  Migraine  is  a  family  disease.  It  generally  appears  in 
childhood  and  recurs  throughout  the  strenuoas  period  of  life,  tending 
to  disappear  in  old  age.  The  pain  of  migraine  is  often  alleviated 
by  pressure  on  the  common  carotid  artery  of  the  corresponding  side, 
but  reappears  when  the  pressure  is  removed.  It  is  not  uncommon  to 
have  unilateral  vasomotor  changes  during  the  attack.  Thus  the  face 
and  ear  may  be  flushed  on  the  affected  side.  The  pupils  may  also 
become  temporarily  unequal,  although  this  is  by  no  means  constant. 
Migrainous  headache  generally  culminates  in  vomiting,  and  is  some- 
times preceded  by  a  visual  aura,  lasting  twenty  or  thirty  minutes, 
consisting  of  a  scintillating  scotoma  in  which  there  is  a  blind  area  in 
one  half  of  the  visual  field  (usually,  but  not  always,  on  the  side  opposite 
to  that  of  the  unilateral  headache).  The  blind  area  is  bounded  at 
its  periphery  by  a  luminous  zigzag  coloured  spectrum.  This  scotoma 
not  infrequently  develops  into  a  temporary  total  hemianopia.  The 
headache  of  migraine  is  generally  unilateral,  and  is  referred  to  the 
front  part  of  the  head  on  the  side  contra-lateral  to  that  of  the  visual 
phenomena.  Thus  if  the  visual  sensations  are  in  the  left  side  of  the 
visual  fields,  the  headache  is  generally  right-sided,  and  vice  versa. 

Less  commonly  a  migrainous  attack  may  be  preceded  by  a  non- 
visual  aura  of  some  sort,  e.g.  by  a  subjective  sensation  of  tingling  in 
one  hand  spreading  slowly  up  the  arm  to  the  face  and  tongue,  and 
followed  by  headache  on  the  opposite  side  of  the  head.  If  the  tingling 
be  right-sided  there  may  be  slight  transitory  aphasia.  This  variety 
of  migraine  is  distinguished  from  a  minor  epileptiform  attack  by  the 
greater  intensity  and  unilateral  limitation  of  the  migrainous  headache, 
by  the  slow,  deliberate  march  of  the  migrainous  aura,  lasting  perhaps 
for  many  minutes,  by  the  absence  of  unconsciousness,  by  the  absence 
of  clonic  movements,  and  by  the  fact  that  the  premonitory  tingling 
of  migraine  may  spread  bilaterally  to  the  tongue  and  lips,  whereas 
in  an  epileptiform  attack,  if  the  aura  spreads  to  the  tongue  or  face, 
it  remains  unilateral.^  Migraine  and  epilepsy  may  alternate  in  the 
same  patient. 

Migraine  ophthalmoplegiqne  is  an  entirely  different  affair,  in  which, 
in  addition  to  hemicranial  pain,  there  is  transient  paralysis  of  the 
third  nerve  on  the  same  side  as  the  headache,  with  ptosis,  external 
strabismus,  mydriasis,  etc.  (see  p.  132). 

^  Covers,  British  Medical  Journal,  Dec.  3,  1906. 
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We  now  pass  to  pains  in  the  region  of  the  trigeminal  nerve.     Of 
these,  tic  douloureax  is  the  most  agonising  pain  from  which  a  patient 
can  suffer.     The  pain  is  not  continuous,  but  paroxysmal.     It  rarely 
attacks  all  three  divisions  of  the  nerve,  but  is  usually  confined  to  one 
division  (especially  the  supraorbital),  or  it  may  attack  two  adjacent 
divisions.     The  disease  is  hardly  ever  bilateral  except  in  cases  of 
diabetes.     The  patient  has  paroxysms  of  intolerable  agonising  pain  in 
the  area  of  the  affected  division,  lasting  usually  only  a  few  seconds. 
During  the  attack  the  face  is  often  thrown  into  strong  involuntary 
tonic  spasm  on  the  affected  side,  there  is  excessive  lacrymation,  and 
sometimes  secretion  of  nasal  mucus  and  saliva,  all  on  the  affected 
side.     If  the  attack  lasts  for  half  a  minute  or  longer,  it  will  be  found 
that  it  is  not  really  a  continuous  pain,  but  a  series  of  short  sharp  stabs 
of  pain,  interrupted  by  brief  intervals.     Not  only  do  paroxysms  occur 
spontaneously,  but  the  slightest  stimuli  often  suffice  to  induce  an 
attack,  and  therefore  the  patient  avoids  chewing  food  on  the  affected 
side.      I  have  known  cases  in  which  it  was  impossible  for  the  patient 
to  wash  his  face  for  weeks  at  a  time  lest  an  attack  should  be  thereby 
precipitated.    Stimulation  of  certain  localised  spots  on  the  face  or 
tongue — so-called   "  trigger-areas,"   no  matter  how  slightly,  causes 
an    immediate   explosion  of  pain   in   the    affected    division  of  the 
nerve.     Such  trigger- areas  are  most  commonly  found  on  the  upper 
lip,  at  its  junction  with  the  ala  nasi,  or  on  the  lower  lip,  near  its 
vermilion  border  at  the  outer  angle  of  the  mouth  or  elsewhere.     In- 
veterate trigeminal  neuralgia  sometimes  drives  the  patient  to  suicide. 

Apart  from  these,  there  are  numerous  varieties  of  more  localised 
paroxysmal  neuralgic  pains  referred  to  individual  branches  of  the 
trigeminal  nerve,  and  associated  Avith  "  tender  points  of  Valleix  " 
over  their  foramina  of  exit.  In  such  local  neuralgias,  and  in  tic 
douloureux  itself,  we  should  always  search  carefully  for  some  local 
exciting  cause  in  the  mouth,  nose,  ear,  or  eye.  A  carious  or  inflamed 
tooth  may  cause  neuralgia  in  the  whole  of  the  corresponding  division 
of  the  fifth  nerve,  and  the  dental  surgeon  by  extracting  it  will  relieve 
the  condition.  But  we  must  beware  of  extracting  sound  teeth  simply 
because  the  patient  refers  neuralgic  pain  to  them.  Sometimes  an 
abnormally-placed  tooth,  though  healthy  in  itself,  may  cause  neuralgia. 
Thus  a  lady  of  fifty-eight  had  had  a  constant  burning,  pain  along  the 
right  side  of  her  tongue  for  eight  years,  together  with  a  feeling  of 
numbness  in  the  area  of  the  second  division  of  the  fifth  nerve.  This 
had  been  vainly  treated  by  numerous  drugs,  whilst  all  the  time  the 
real  exciting  cause  lay  in  an  imperfectly-erupted  lower  wisdom-tooth 
on  the  corresponding  side,  the  date  of  the  pain  coinciding  with  the 
first  appearance  of  the  tooth.  Disease  of  the  antrum  or  other  accessory 
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air-sinus,  nasal  polypi,  and  other  local  lesions  may  all  cause  localised 
neuralgias.  If,  in  addition,  the  patient  be  anaemic  or  gouty,  the 
tendency  to  neuralgia  is  increased.  But  anaemia  or  gout  alone  will 
not  cause  a  local  neuralgia.  Some  local  determining  cause  must  also 
be  present,  though  it  is  sometimes  difficult  to  discover.  The  combina- 
tion of  unilateral  pain  in  the  region  of  the  third  division  of  the  trigeminal 
with  obstructive  deafness  of  the  Eustachian  tube  type,  and  impaired 
movement  of  the  soft  palate  on  the  same  side,  is  generally  due  to  a 
new  growth  in  the  lateral  wall  of  the  naso-pharyiix.'^  Syphilitic 
basal  meningitis  or  gumma,  implicating  the  fifth  nerve  in  the  floor  of 
the  skull,  may  cause  trigeminal  neuralgia.  The  patients  usually 
show  other  evidences  of  intra-cranial  disease,  and  we  should  look  for 
signs  of  involvement  of  the  sensory  or  motor  root  (see  p.  141).  If 
such  lesions  last  any  considerable  time,  they  tend  to  produce  some 
anaesthesia  of  the  affected  nerve-area.  Localised  anaesthesia  suggests 
an  organic  neuritis  rather  than  a  mere  neuralgia. 

Let  us  now  consider  the  various  pains  which  may  be  met  with  in 
the  trunk.  Firstly,  there  are  the  various  root-pains,  due  to  irritation 
of  the  corresponding  posterior  root  or  roots  in  the  affected  area.  Some- 
times such  radiculitis  is  due  to  disease  of  the  spinal  meninges  (syphilis, 
tubercle,  or  tumour),  to  osteo-arthritis,  caries  or  tumours  of  the  spinal 
column,  or  to  intra- thoracic  aneurisms  and  new  growths.  A  charac- 
teristic feature  about  radicular  pains  is  that  they  are  aggravated  by 
coughing  or  sneezing.  Sometimes,  even  in  normal  individuals,  tingling 
root-pains  may  occur  on  severe  coughing,  radiating  along  the  lower 
roots  of  the  brachial  plexus.  In  addition,  in  radiculitis  we  often 
have  sensations  of  tingling,  congestion,  coldness  or  heat,  accurately 
localised  to  root-areas.  Acro-paraesthesiae  of  this  sort  are  always 
suggestive.  Bone  pains  in  the  spine  are  associated  with  local  tenderness 
and  rigidity.  If  we  see  a  patient  supporting  his  head  with  both  hands 
owing  to  pain  in  the  neck,  this  is  almost  pathognomonic  of  disease  of 
the  cervical  vertebrae.  Root-pain  commencing  unilaterally  and  later 
becoming  bilateral  is  practically  pathognomonic  of  a  tumour  of  the 
spinal  meninges.  These  pains,  when  due  to  organic  lesions  of  the  roots, 
are  not  infrequently  associated  with  a  degree  of  hyperaesthesia  or 
anaesthesia  of  the  painful  area — ancesthesia  dolorosa.  If  the  spinal 
cord  be  compressed  or  infiltrated  by  the  same  lesion  as  that  which 
implicates  the  posterior  roots,  we  have  signs  of  sensory  or  motor 
paralysis  of  the  parts  below  the  lesion,  with  the  usual  changes  in  the 
reflexes,  etc.  The  girdle-pains  of  tabes  are  due  to  affection  of  the 
corresponding  posterior  roots.  Tabetic  girdle-pains  vary  in  degree 
from  the  sensation  of  a  narrow  constricting  cord  to  one  of  a  broad 

»  Trotter,  Brit.  Med.  Journal,  Oct.  28,  1911. 
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cuirass  enveloping  a  large  part  of  the  trunk.  Such  a  cuirass  often 
feels  incomplete  either  in  front  or  behind  (Fig.  90,  p.  199).  Root- 
pains  may  also  occur  in  some  cases  of  disseminated  sclerosis  {sclerosis 
multiplex  dolorosa)^  and  unless  this  fact  be  borne  in  mind  a  false 
diagnosis  of  spinal  tumour  may  be  made.^  Another  root-pain  is  that 
associated  with  herpes  zoster,  which  is  a  disease  of  the  posterior  root- 
ganglion.  Herpetic  pain  is  practically  always  unilateral,  and  may 
either  precede  or  succeed  the  eruption  of  the  herpetic  vesicles.  It 
may  last  for  months  after  the  vesicles  have  disappeared.  The  pain 
of  herpes  is  often  so  sharp  that  it  may  be  mistaken  for  that  of  pleurisy, 
from  which  it  may  be  distinguished  by  auscultation.  Herpes  zoster  is 
often  accompanied  by  a  lymphocytosis  of  the  cerebro-spinal  fluid.  The 
infective  organism  which  produces  herpes  is  apparently  identical,  in 
many  cases,  with  that  of  varicella,^  for  a  chicken-pox  epidemic  may 
take  its  starting-point  from  a  case  of  herpes  zoster. 

Pleurodynia  is  a  pain  in  one  or  more  intercostal  spaces,  due  to  a 
"  rheumatic"  myalgia  of  some  of  the  intercostal  muscles.  It  some- 
what resembles  the  pain  of  pleurisy,  but  is  easily  distinguished  by  the 
normal  temperature  and  by  the  absence  of  friction-sounds  on  auscul- 
tation. There  is  also  a  very  common  trunk-pain  which  we  meet 
with  in  people  who  are  neurasthenic  or  debilitated.  It  is  a  deep 
boring  pain,  usually  below  the  inferior  angle  of  one  or  other  scapula. 
It  is  more  diffuse  and  less  superficial  than  the  pain  of  herpes,  and  it 
has  none  of  the  physical  signs  of  pleurisy  or  pleurodynia.  The  pain 
of  traumatic  neurasthenia,  especially  after  a  railway  or  other  accident 
("  railway  spine  "),  may  simulate  that  of  organic  spinal  lesions,  especi- 
ally when  a  hysterical  paraplegia  coexists.  But  the  diagnosis  can 
usually  be  made  by  noting  the  excessive  hypersesthesia  of  the  spine, 
the  absence  of  signs  of  organic  disease,  and  the  presence  of  various 
hysterical  phenomena  (see  later,  p.  373).  Mammary  neuralgia  or 
mastodynia  also  occurs  in  hystero-neurasthenic  patients,  and  must 
be  distinguished  from  disease  of  the  gland  by  means  of  physical 
examination. 

We  have  also  to  bear  in  mind  the  various  reflected  pains  which 
may  occur  in  visceral  diseases  in  which  the  pain  is  referred,  not  to  the 
diseased  organ  itself,  but  to  a  cutaneous  area  innervated  by  the 
posterior  root  through  which  the  afferent  visceral  nerves  reach  the 
brain-stem  (see  Fig.  191,  p.  335.)  Thus,  for  example,  in  peri- 
carditis there  may  be  precordial  or  epigastric  pain.  Physical  examina. 
tion  will  clear  up  the  diagnosis  in  cases  of  aneurism  and  of  mediastinal 
growths. 

1  Fraakl-Hochwarfc,  Newdogiaches  GentralblaU,  1906,  s.  973.      „  .     „  ,    _  , 

2  Bokay,  Wiener  klin.  Wochensch.,  Sept.  30, 1909.     R.  C.  Low,  Brtt.  Med.  Jmrnai, 
Jan.  25,  1919. 
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Phrenic  neuralgia  is  of  considerable  clinical  interest.  It  should  be 
borne  in  mind  that  the  phrenic  is  a  mixed  nerve,  supplying  not  only 
diaphragmatic  motor  fibres,  but  also  sensory  fibres  to  the  diaphragm, 
to  the  extra-pleural  and  extra-peritoneal  connective  tissues,  and  to 
the  supra-renal  body  of  the  corresponding  side.  In  addition,  the 
right  phrenic  supplies  the  liver  and  its  sub-peritoneal  covering,  also 
the  inferior  vena  cava  and  the  right  auricle.  The  phrenic  nerve  ha'« 
various  connections  with  spinal  and  splanchnic  nerves,  notably  with 
the  inter- vertebral  ganglia  of  the  lower  cervical  posterior  roots^  (from 
the  third  to  the  sixth  cervical).  Thus  in  certain  diseases  such  as 
diaphragmatic  pleurisy,  gall-stones,^  hepatic  abscess,  supra-renal 
tumours,^  etc.,  we  may  have  reflected  pain  in  the  region  of  the  cor- 
responding shoulder,  often  accompanied  by  cutaneous  hypersesthesia. 

One  of  the  most  severe  of  all  trunk  pains  is  the  well-known  angina 
fectoris.  This  is  a  paroxysmal  suffocative  pain,  or  feeling  of  in- 
tolerable oppression  in  the  region  of  the  heart,  often  radiating  down 
one  or  both  arms,  but  especially  down  the  left  arm.  Together  with 
this,  there  is  a  sensation  of  impending  death.  It  is  commonest  in  male 
patients  at  or  after  middle  life,  and  is  usually,  though  not  invariably, 
associated  with  evidence  of  vascular  degeneration.  It  has  to  be  dis- 
tinguished from  toxic  or  neuralgic  angina,  so-called  "  pseudo- angina," 
a  similar  but  much  less  serious  affection,  met  with  most  commonly 
in  young  girls,  in  women  who  have  been  lactating  too  long,  or  in 
patients  before  middle  life  who  smoke  tobacco  or  drink  tea  to  excess. 

Irritation  of  the  sensory  nerves  at  the  gastric  end  of  the  oeso- 
phagus, by  abnormal  acids  or  other  irritants  in  the  stomach,  producing 
spasm  of  its  muscular  wall,  may  cause  burning  pain,  usually  referred 
to  the  seventh  left  chondro-sternal  junction,  and  sometimes  also  to 
the  left  interscapular  region.  Such  pains  are  associated  with  other 
dyspeptic  symptoms  to  which  we  need  not  here  refer  further.  As 
regards  the  situation  of  reflected  pains  in  diseases  of  various  parts 
of  the  gastro- intestinal  tract,  it  is  useful  to  bear  in  mind  Mackenzie's 
rule,'*  that  pain  due  to  affections  of  the  digestive  tract  is  referred  across 
the  middle  line  of  the  abdomen,  in  regularly  descending  areas  as  we 
pass  from  the  stomach  towards  the  large  intestine.  Thus  the  epi- 
gastrium is  the  region  for  gastric  pains  (disease  at  the  cardiac  end 
causing  pain  higher  up  than  pyloric  affections),  the  umbilical  area 
is  the  region  for  pains  of  the  small  intestine,  the  hypogastric  area  the 
site  of  pains  due  to  the  large  intestine.  A  striking  experimental  cor- 
roboration of  this  can  be  obtained  at  any  time  by  taking  a  sharp 

1  Kidd,  Btv.  of  Neurol,  and  Psych.,  1911,  p.  587. 

3  Mackenzie,  Brain,  1893,  p.  339;   also  Symptcma  and  their  Interpretaticn,  IfCP, 
p.  45. 

3  Mayo  Robson,  Brit.  Med.  Journal,  1899,  vol.  ii.,  p.  1180. 
*  Brain,  1901,  vol.  xxv.,  p.  373. 


PAIN  177 

purgative  drug.  When  the  familiar  colicky  pains  appear,  they  are 
felt  first  in  the  region  of  the  umbilicus,  but  soon  they  descend  lower 
and  lower,  and  when  they  arrive  close  above  the  pubes,  the  call  for 
evacuation  of  the  bowel  becomes  "  urgent  and  imperative." 

Tactile  sensibility  is  absent  from  the  mucous  membrane  of  the 
entire  alimentary  canal,  from  oesophagus  to  rectum.  Sensations  of 
fulness,  arising  from  transient  distension  of  different  parts  of  the 
alimentary  canal,  are  due  to  stretching  of  its  muscular  coat,  and  these 
are  to  be  regarded  as  varieties  of  muscle-sense.  Pain  in  any  part  of 
the  gastro-intestinal  tube  is  due  to  muscular  tension  or  spasm.  The 
same  is  true  of  the  ureters,  bladder,  and  uterus. 

To  discuss  fully  the  various  causes  of  acute  abdominal  pain  would 
require  many  chapters  of  description.  We  have  to  bear  in  mind  not 
only  diseases  of  the  gastro-intestinal  tract,  in  the  form  of  catarrh, 
ulcer,  muscular  spasm,  etc.,  but  also  perforations  of  various  hollow 
viscera,  the  stomach,  gall-bladder,  intestines  (including  the  vermiform 
appendix),  rupture  of  a  pyo- salpinx  or  of  a  tubal  pregnancy,  biliary 
or  renal  colic,  acute  pancreatitis,  torsion  of  an  ovarian  pedicle,  etc. 
In  every  instance  not  only  should  we  carefully  examine  the  whole 
abdomen,  but  we  should,  if  necessary,  examine  the  pelvis,  per  rectum 
or  per  vaginam^  and  also  investigate  the  urine  and  dejecta. 

Apart  from  acute  renal  colic,  a  floating  kidney  is  a  fairly  common 
cause  of  diffuse  abdominal  pain,  especially  in  poorly-nourished  women 
with  lax  abdominal  walls.  Here  again  local  examination  of  the 
abdomen  will  reveal  the  cause. 

Before  leaving  the  subject  of  abdominal  pains,  we  must  not  fail 
to  recall  the  familiar  crises  of  tabes  dorsalis : — gastric  crises  associated 
with  pain  and  vomiting,  intestinal  crises  associated  with  colic  and 
diarrhoea,  diaphragmatic  crises  with  hiccough,  bladder  crises,  and  so 
on.  All  these  may  closely  simulate  the  pain  of  acute  abdominal  disease. 
But  the  history  of  the  case,  together  with  an  investigation  of  the  pupils, 
knee-  and  ankle-jerks,  and  the  other  phenomena  of  tabes,  will  usually 
save  us  from  error. 

Lumbago,  or  pain  in  the  lumbar  muscles,  a  variety  of  myalgia, 
is  usually  easily  recognised.  The  pain  is  intensified  by  active  muscular 
contraction  and  also  by  passive  stretching,  induced,  for  instance,  by 
the  stooping  posture.  It  is  also  associated  with  tenderness  on  pres- 
sure. Lumbo-abdominal  neuralgia,  on  the  other  hand,  is  a  diffuse 
and  more  superficial  pain,  not  confined  to  the  lumbar  region,  but 
spreading  forwards  to  the  front  of  the  abdomen,  and  sometimes  to 
the  groin,  genitals  or  gluteal  region.  It  is  paroxysmal,  and  during 
the  paroxysm  there  may  be  cramp-like  spasms  of  the  abdoniinal 
muscles  or  of  the  cremaster.     It  is  associated  with  the ' '  tender  points 
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of  a  true  neuralgia,  these  being  situated  over  the  vertebral  spines, 
the  iliac  crests,  the  linea  alba,  inguinal  canal,  scrotum  or  labium. 
Sacral  pain  is  often  due  to  uterine  disease,  as  in  the  familiar  uterine 
dysmenorrhoea  or  the  well-known  pains  of  labour. 

Coccygodynia,  or  neuralgic  pain  in  the  region  of  the  coccyx,  is 
commoner  in  female  patients  than  in  males.  The  pain  is  rarely 
continuous.  More  usually  it  is  induced  by  sitting  or  walking,  or  by 
the  contraction  of  any  of  the  muscles  attached  to  the  coccyx,  e.g. 
during  defaecation.  It  is  often  associated  with  local  tenderness, 
especially  on  rectal  examination.  The  pain  is  located  not  only  in  the 
coccyx,  but  also  in  the  soft  parts  just  distal  to  the  tip  of  the  bone.  Its 
usual  cause  is  a  dislocation  or  fracture-dislocation  of  the  coccyx,  either 
from  a  fall  or  kick  upon  the  coccyx,  or  as  a  result  of  an  internal  trauma, 
especially  prolonged  labour.  It  may  also  occur  as  a  symptom  of 
tabes  dorsalis,  and  is  not  uncommon  in  hysteria,  particularly  in  trau- 
matic hysteria. 

Pains  in  the  Limbs. — Brachial  neuralgia,  generally  a  unilateral 
affection,  is  referred,  as  a  rule,  to  the  whole  area  of  distribution  of 
the  plexus,  namely  to  the  lower  part  of  the  neck,  the  shoulder  and 
the  whole  upper  limb,  being  most  intense  in  the  proximal  part  of  the 
limb.  It  is  rare  to  meet  with  neuralgia  confined  to  an  individual 
nerve-area,  such  as  that  of  the  median  or  ulnar,  except  in  cases  of  local 
injury  or  disease  of  the  nerve-trunks.  The  pain  of  brachial  neuralgia 
is  aggravated  by  movement  of  the  limb,  which  feels  heavy  and  numb, 
though  there  is  no  paralysis.  The  "tender  points"  are  over  the 
nerve-trunks,  such  as  the  musculo-spiral,  circumflex,  median  or  ulnar 
nerves. 

If  anaesthesia  or  trophic  changes  be  superadded,  we  probably  have 
to  do  with  structural  changes  in  the  nerve-trunk,  that  is,  with  a  brachial 
neuritis,  not  a  mere  neuralgia.  In  every  case  of  brachial  neuralgia 
we  must  carefully  examine  the  nerve-trunks  in  their  entire  course  to 
exclude  the  possibility  of  organic  lesions  compressing  or  infiltrating 
the  nerves.  In  addition  to  pain,  brachial  neuritis  often  produces 
weakness  and  atrophy  of  the  corresponding  muscles,  and  impairment 
or  perversion  of  cutaneous  sensation.  Bikeles's  sign,  by  passive 
stretching  of  the  roots,  is  often  positive.  It  is  elicited  by  first  flexing 
the  elbow,  then  raising  the  arm  upwards  and  backwards  at  the  shoulder- 
joint  to  its  full  extent,  and  finally  attempting  to  extend  the  elbow. 

Analogous  to  brachial  neuralgia  and  neuritis  in  the  upper  limb, 
we  have  in  the  lower  limb  sciatica,  a  term  which  includes  sciatic 
neuralgia,  sciatic  neuritis,  and  hysterical  pseudo-sciatica.  In  every  case 
of  so-called  sciatica  we  have  to  decide  which  of  these  three  is  present. 

Many  cases  of  sciatic  neuralgia  occur  independently  of  any  affection 
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of  the  sciatic  nerve,  e.g.  in  vertebral  disease,  tuberculous  or  arthritic, 
in  affections  of  the  sacro-iliac  joint  or  of  the  hip-joint,  in  diseases  of 
the  femur  (tumours,  osteomyelitis,  etc.),  in  interniittent  arterial 
claudication,  etc.  In  true  sciatic  neuralgia  there  is  usually  a  dull 
aching  pain,  more  or  less  constant,  in  the  back  of  the  thigh,  with  occa- 
sional paroxysms  of  darting  or  boring  pain,  generally  from  above 
downwards,  along  the  course  of  the  sciatic  nerve.  Any  movement 
of  the  limb  whereby  the  nerve  is  made  tense,  or  any  local  pressure 
as  from  sitting  on  a  hard  chair,  brings  on  a  paroxysm.  Therefore 
the  patient  habitually  keeps  the  hip  and  knee  slightly  flexed  on  the 
affected  side,  so  as  to  relax  the  nerve.  This  is  exemplified  in  Neri's 
sign,  which  is  elicited  by  making  the  patient  stand  erect  with  both 
heels  on  the  ground,  then  asking  him  to  bend  the  trunk  forward  and 
pick  up  some  object  at  his  feet.  The  knee  on  the  affected  side  at 
once  becomes  flexed.  It  is  not  uncommon  to  find  a  slight  scoliosis 
in  the  lumbar  region,  the  concavity  being  towards  the  sound  side. 
The  gluteal  fold,  a  deep  crease  in  the  skin  and  subcutaneous  tissues, 
becomes  diminished  or  lost  on  the  affected  side,^  and  Rose's  "  gluteal 
sign  "2  can  be  demonstrated  by  percussion  of  the  gluteus  maximus  at 
its  points  of  attachment  to  the  side  of  the  sacrum:  instead  of  contrac- 
tion of  the  whole  muscle,  we  get  an  exaggerated  fascicular  contraction 
of  its  fibres,  visible  subcutaneously.  The  "  tender  points  "  are  at  the 
fifth  lumbar  spine  (especially  on  lateral  pressure  from  the  affected 
towards  the  healthy  sidef ,  over  the  posterior  iliac  spine,  the  sciatic 
notch,  the  popliteal  space,  the  peroneal  nerve  below  the  head  of  the 
fibula,  and  behind  the  malleoli.  Some  cases  of  sciatica  are  associated 
with  marked  tenderness  on  deep  pressure  through  the  abdominal 
wall  towards  the  vertebral  column  at  a  level  one  finger's- breadth 
below  the  umbilicus  and  two  fingers' -breadth  laterally  from  that  point, 
on  the  side  of  the  sciatic  pain;  pressure  on  the  corresponding  spot 
on  the  healthy  side  being  painless.'*  Passive  stretching  of  the  nerve- 
trunk  increases  the  pain,  e.g.  by  flexion  of  the  hip  with  the  knee 
extended  (Lasegue's  sign).  Blunting  of  sensation  in  the  peroneal  or 
posterior  tibial  area  is  uncommon,  and  indicates  a  sciatic  neurilu  or 
•perineuritis,  as  also  do  any  alterations  in  the  electrical  reactions  of 
the  muscles,  or  any  considerable  degree  of  muscular  atrophy.  Muscular 
atrophy  is  to  be  looked  for  in  the  calf  muscles  and,  still  earlier,  in  the 
extensor  brevis  digitorum.  Muscular  hypotonia  may  be  present  even 
without  muscular  wasting.  The  diminution  of  consistency  is  best  felt 
in  the  caK  muscles.     It  can  also  be  recognised  by  inspection  if  the 

1  Cirim,  Lancet,  Aug.  19,  191  fi. 

2  Rose,  Presse  m&iicale,  4  Juin,  1917. 

3  Raimist,  Neurolog.  Gentralbl.,  1909,  p.  1087. 

*  Gara,  Deutsche  med.  Wochenschrift,  1911,  No.  1  6. 
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patient  be  made  to  kneel  on  a  chair  ;  the  foot  on  the  sound  side  is 
slightly  extended  owing  to  the  tonicity  of  the  gastrocnemius,  whereas 
on  the  affected  side  it  falls  into  a  position  at  right  angles  with 
the  leg: — the  T-square  sign.^ 

In  sciatic  neuritis  the  temperature  of  the  leg  is  generally  lower  than 
on  the  healthy  side,  especially  when  felt  on  the  outer  surface  in  its  lower 
half.  The  ankle-jerks  should  always  be  tested  on  both  sides.  In 
sciatic  neuritis  the  jerk  may  be  diminished  or  lost,  whereas  in  neuralgia 
it  remains  normal.  In  both  affections  we  may  observe  exaggeration 
of  the  cremasteric  reflex  on  the  affected  side. 

The  reflex  of  the  tensor  fasciae  femoris  (p.  315),  which  in  neuritis 
of  the  sciatic  trunk  is  unaffected,  is  usually  lost  when  the  neuritis 
implicates  the  lumbo-sacral  roots  from  which  the  sciatica  arises.^  More- 
over, in  lumbo-sacral  radiculitis  {radicular  sciatica),  whilst  ordinary 
stretching  of  the  nerve-trunk,  by  Lasegue's  method,  is  painless,  inward 
rotation  of  the  flexed  hip  often  causes  acute  pain.  We  also  have  the 
characteristic  aggravation  of  radicular  pain  by  coughing  or  sneezing. 

Hysterical  fseudo- sciatica  often  follows  some  slight  trauma  in  the 
region  of  the  lower  limb.  The  patient  complains  of  pain,  and  he 
limps.  Pain,  being  a  subjective  phenomenon,  is  difficult  to  verify. 
In  hysterical  cases  its  situation  may  sometimes  be  in  the  region  of  the 
sciatic  nerve-trunk:  more  often  it  is  referred  to  some  paradoxical 
region,  e.g.  the  groin,  the  knee,  or  the  lumbar  region.  Patches  of 
cutaneous  anaesthesia  are  commoner  than  in  organic  sciatic  neuritis, 
and  tend  to  have  a  hysterical  type  of  distribution.  The  patient's 
limp  is  usually  more  dramatic  than  in  organic  sciatic  neuritis,  and  the 
painful  limb  tends  to  be  rigidly  contractured.  The  patient  resists 
all  attempts  at  passive  movement,  not  only  those  which  tend  to 
stretch  the  nerve-trunk,  but  also  those  which  relax  it.  Moreover, 
passive  manipulations  produce  psychical  phenomena  in  the  form  of 
irregular  breathing,  emotional  weeping,  etc.  In  old-standing  cases 
there  may  be  a  slight  degree  of  muscular  wasting,  from  disuse.  The 
ankle-jerk,  however,  is  unaffected. 

Varicose  (or  iMehogenic)  sciatica^  is  a  variety  of  sciatic  neuralgia 
in  which  the  small  veins  within  the  sciatic  trunk  have  become  dilated 
and  varicose.  Women  are  more  often  affected  than  men.  The  patient 
has  inveterate  pains  in  the  sciatic  region,  beginning  peripherally  in 
the  foot  and  spreading  upwards  to  the  calf,  etc.  The  sciatic  pain  is 
induced  by  slow  walking  or  by  standing  about,  whereas  brisk  walking,  or 
more  violent  exertion,  e.g.  hill-climbing,  cycling,  etc.,  relieves  the  pain. 
The  pain  also  disappears  on  lying  down.     If  the  patient  be  examined 

*  Barr^,  Presse  midicale,  1919,  pp.  57-60. 

'  Bonola,  Revue  neurologique,  Sept.,  1912,  p.  324. 

3  Edioger,  Berlin,  klin.  Wochensch.,  1914,  No.  11. 
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in  the  recumbent  posture,  no  abnormality  may  be  detected,  but  if  he 
is  examined  standing  up,  we  sometimes  observe  at  the  site  of  maximum 
pain,  e.g.  in  the  popliteal  space  or  below  the  head  of  the  fibula,  a 
slight  pufiiness  or  swelling.  Occasionally  there  is  also  well-marked 
varicosity  in  the  larger  subcutaneous  veins.  It  is  important  to 
recognise  this  variety  of  sciatica,  since  ordinary  drug  and  counter- 
irritants  fail  to  alleviate  it — whereas  gentle  elastic  pressure  often 
relieves  it  at  once. 

Mera^ia  paraesthetica  is  a  variety  of  neuralgia  occurring  in  the 
area  of  distribution  of  the  lateral  cutaneous  nerve  of  the*thigh.  It 
consists  in  parsesthesia  or  actual  pain  in  the  outer  aspect  of  one  thigh. 
The  pain  is  often  induced  by  standing  or  walking,  possibly  owing  to 
stretching  of  the  fascia  lata.  In  some  cases  it  results  from  the  pressure 
on  the  nerve  by  a  badly-fitting  corset.  It  is  sometimes  associated 
with  fiat-foot  on  the  same  side.  Here,  as  in  brachial  or  sciatic  pain, 
the  presence  of  an  area  of  impaired  sensation  would  indicate  a  neuritis 
rather  than  a  neuralgia. 

In  rarer  cases  we  may  find  neuralgia  in  the  area  of  the  anterior 
crural  or  of  the  obturator  nerve,  and  this  may  be  symptomatic  of  an 
intra- pelvic  tumour,  or  of  an  obturator  hernia. 

The  pains  of  brachial  or  sciatic  neuralgia  and  neuritis,  and  of 
meralgia  paraesthetica,  are  unilateral.  Let  us  now  consider  the 
bilateral  pains  which  may  be  met  with  in  the  limbs. 

Bilateral  pains  should  always  suggest  to  our  minds  either  a  toxic 
cause  attacking  the  peripheral  nervous  structures  of  both  limbs,  or 
some  central  disease  of  the  spinal  meninges  affecting  the  posterior 
roots  bilaterally,  or  again  some  angio-neurotic  condition  such  as 
Raynaud's  disease,  erythromelalgia,  or  intermittent  arterial  claudi- 
cation. 

Pains  in  the  muscles  or  joints  are  a  common  symptom  in  people 
who  work  under  compressed  air,  as  in  divers  or  workers  in  deeply 
sunk  caissons,  whether  under  ground  or  under  water.  The  symptoms 
of  caisson  disease,  or  "  decompression  paraplegia,"  are  most  likely 
to  occur  when  the  worker  ascends  too  abruptly  to  the  ordinary 
atmosphere.  All  such  workers  ought  to  pass  through  a  "  decom- 
pression-chamber," where  the  atmospheric  pressure  is  gradually 
reduced  to  normal.  If  this  be  not  done,  bubbles  of  nitrogen  are  set 
free  in  the  blood  and  may  either  form  emboli  in  the  arterioles  of  the 
central  nervous  system  with  consequent  small  foci  of  necrosis,  or  the 
nitrogen  may  effervesce  or  explode  out  of  the  capillaries  into  the 
nervous  tissues,  especially  into  the  substance  of  the  spinal  cord. 
Capillary  haemorrhages  may  also  occur.  Clinically  in  such  cases  not 
only  have  we  severe  pains  in  the  lunbs,  but  also  aiu-al  symptoms  due 
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to  labjTrintliine  affection: — deafness,  giddiness  and  tinnitus,  some- 
times even  actual  rupture  of  the  tympanic  membrane.  There  may 
also  be  anaesthesia  and  paraplegia  of  spinal  type,  and  such  paralysis 
may  be  permanent.  Slighter  cases  clear  up  quickly,  if  the  air-extra- 
vasation has  been  merely  from  the  capillaries  Avithout  air-embolism 
of  the  arterioles. 

The  lightning  pains  of  tabes  may  be  unilateral  or  bilateral.  They 
are  commoner  in  the  legs  than  in  the  arms,  since  tabes  is  a  disease 
which  generally  begins  in  the  posterior  root-fibres  of  the  lumbo-sacral 
region.  These  pains  are  variously  described  by  the  patient  as  stab- 
bing, burning,  tearing,  or  bursting,  and  are  commonly  associated  with 
local  hypersesthesia  of  the  skin.  They  are  frequently  mistaken  for 
rheumatic  pains,  and  all  the  more  so  inasmuch  as  they  often  coincide 
with  changes  in  the  weather. 

Tight  "  tourniquet "  pains  around  the  lower  limbs,  in  broad  zones 
rather  than  narrow,  are  sometimes  an  early  and  persistent  symptom 
in  disease  of  the  lumbo-sacral  region  of  the  cord.  They  are  due  to 
irritation  of  the  posterior  roots,  and  may  also  occur  in  tabes.  Root- 
pains  also  occur,  though  less  commonly,  in  certain  cases  of  multiple 
sclerosis. 

The  root-pains  of  tumour  or  inflammation  of  the  spinal  meninges, 
or  of  spinal  caries  or  tumour,  are  more  or  less  constant,  with  paroxysmal 
exacerbations.     Inflammatory  affections  of  the  meninges  are  usually 
bilateral  from  the  outset,  with  corresponding  bilateral  pains.     But  in 
cases  of  meningeal  tumour  the  pains  are  generally  unilateral  at  first, 
and  become  bilateral  as  the  disease  spreads  to  the  opposite  side.     The 
level  of  the  pains  in  meningeal  disease  varies  with  the  level  of  the 
affected  posterior  roots.    Thus  in  cervical  meningitis,  tumour  or  caries, 
there  is  pain  in  the  neck,  spreading  down  one  or  both  arms  along  the 
corresponding  root-areas;  in  thoracic  cases  the  pain  is  around  the 
trunk,  and  in  lumbar  or  sacral  cases  it  is  in  various  parts  of  the  lower 
limbs.     The  recto-perineal  pain  of  certain  cauda  equina  lesions  is 
peculiar  in  that  it  occurs  in  the  sitting  posture  only,  and  disappears 
when  the  patient  lies  down  or  stands  up,  so  as  to  relax  the  adherent 
sacral   roots.     Meningeal  pain  is  often  associated   with  local   hyper- 
sesthesia  corresponding  to  the  uppermost  roots  affected,  and  with  tonic 
spasms  of  the  muscles  at  that  level.  If  the  meningeal  lesion  affects  the 
cord  within,  whether  by  compression  or  by  infiltration,' there  will  be  in 
addition  to  root-pains  the  other  signs  of  organic  cord  disease — so-called 
paraplegia  dolorosa^  with  its  superadded  anaesthesia,  motor  weakness 
and  alterations  of  reflexes  below  the  level  of  the  lesion.  Inflammatory, 
tuberculous  and  syphilitic  affections  of  the  spinal  meninges  are  always 
associated  with  cellular  changes  in  the  cerebro -spinal  fluid. 
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Affections  of  the  peripheral  nerves  may  also  produce  pain.  Thus 
in  peripheral  neuritis  there  is  not  only  pain,  with  hypersesthesia  of  the 
skin  of  the  feet  and  hands,  but  there  is  intense  muscular  tenderness 
on  pressure,  together  with  a  degree  of  tactile  anaesthesia,  and  in  severe 
cases  muscular  paralysis  and  muscular  atrophy,  accompanied  by  the 
reactions  of  degeneration. 

Pains  localised  in  single  nerve-areas  should  always  lead  us  to 
examine  the  nerve-trunk  in  its  entire  extent.  Tubemila  dolorosa  are 
multiple  growths  (usually  neuro-fibromata)  in  the  connective  tissue 
of  the  nerve-trunks,  many  of  them  forming  little  subcutaneous  nodules 
easily  palpable  and  exquisitely  tender,  others  less  accessible  in  the 
deeper  nerve-trunks,  causing  referred  pains  in  the  particular  nerve 
areas.  If  these  growths  not  merely  irritate  but  interrupt  the  nerve- 
fibres  within  the  nerve-trunks,  there  may,  in  rare  cases,  be  areas  of 
anaesthesia.  T'linically  we  seldom  find  motor  paralysis  from  such 
growths  except  as  a  result  of  pressure  on  the  spinal  cord  or  base  of 
the  brain  by  a  neuroma  on  one  of  the  spinal  or  cranial  nerve-roots. 

Causalgia  (/cauo-o^^  heat),  better  named  Thermalgia,^  is  a  variety 
of  neuralgia  in  which  the  pain  is  accompanied  by  an  intense  sub- 
jective burning  feeling.  It  is  commonly  associated  with  vaso-dilata- 
tion,  redness,  and  sweating  of  the  affected  area  of  skin,  chiefly  of  the 
palm  or  sole.  Thermalgia  is  generally  traumatic  in  origin,  from 
injury  to  the  nerve  or,  less  commonly,  to  the  main  artery  of  the 
affected  limb.  In  nerve  injuries  it  is  usually  a  sign  of  incomplete 
division  of  the  nerve-trunk,  together  with  excessive  formation  of 
fibrous  tissue  within  and  around  the  nerve.  It  occurs  more  often 
in  median  than  in  ulnar  lesions,  and  rarely  after  injuries  of  the  musculo- 
spiral  nerve.2  In  the  lower  limb  it  affects  the  internal  popliteal  nerve 
much  more  often  than  the  peroneal. 

Thermalgia  in  peripheral  nerve-lesions  is  associated  with  the  signs 
of  incomplete  paralysis,  sensory  or  motor,  according  to  the  particular 
nerve-strands  damaged.  In  rare  cases  it  occurs  independently  of  any 
paralysis,  e.g.  thermalgia  of  the  fingers  after  an  injury  in  the  neigh- 
bourhood of  the  brachial  artery. 

There  is  usually  an  interval,  perhaps  of  several  weeks,  after  the 
original  injury,  before  the  thermalgia  sets  in.  Then,  concurrently 
with  the  formation  of  scar-tissue,  pain  appears  in  the  palm  (or  sole) 
and  gradually  increases  in  severity.  The  pain  is  often  paroxysmal, 
and  the  patient  plunges  his  hand,  or  foot,  into  cold  water,  or  swathes 
the  part  in  cool  moist  dressings,  to  assuage  his  suffering.  Sometimes 
he  holds  the  affected  limb  in  an  elevated  posture,  to  diminish  its 

1  Stopford,  LanceJ.  Aug.  11,  1917,  p.  195. 

2  An  example  of  thermalgia  after  musculo-spiral  injury,  however,  is  given  on  p.  515. 
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blood-supply.  The  pain  is  aggravated  by  warmth  or  by  a  dependent 
posture  of  the  limb. 

To  explain  the  foregoing  phenomena,  various  hypotheses  have 
been  suggested.  The  most  probable  explanation  is  that  the  phenomena 
are  due  to  a  reflex  vaso-dilatation;  the  scar- tissue  in  and  around  the 
nerve  constantly  irritates  the  sympathetic  centre  in  the  corresponding 
segment  of  the  spinal  cord.  Another  theory  ascribes  the  phenomena 
to  irritation  of  the  peri- arterial  sympathetic  plexus  of  the  main  artery. 
Thus  in  a  case  of  bullet-wound  of  the  axilla  followed  by  obstinate 
thermalgia  of  the  hand  and  forearm,  removal  of  the  sheath  of  the 
brachial  artery  and  of  the  surrounding  scar- tissue  promptly  relieved 
both  the  pain  and  the  cyanosis. 

It  is  a  curious  fact  that  thermalgia  should  be  specially  frequent 
after  injuries  of  the  median  and  sciatic  nerves,  both  of  which  have 
a  special  artery  supplying  the  nerve-trunk.  These  two  nerves  also 
differ  from  the  other  nerves  of  the  limbs  in  containing  proportionally 
a  larger  number  of  vasomotor  fibres  for  the  supply  of  the  superficial 
palmar  and  plantar  arches  and  digital  vessels. 

Thermalgia  of  the  face  is  occasionally  met  with  after  injuries  of 
the  eyeball  in  which  a  stump  of  the  globe  still  remains  in  the  orbit.^ 
(After  complete  enucleation  it  is  uncommon,  provided  the  enucleation 
is  done  as  a  primary  operation.  Subsequent  removal  of  the  eye-stump 
does  not  relieve  the  pain.)  The  symptoms  do  not  appear  until  several 
months  after  the  original  injury.  The  patient  then  begins  to  have 
paroxysms  of  intense  burning  pain  in  the  face  on  the  afEected  side, 
radiating  to  the  vertex,  together  with  flushing  of  the  whole  face  and 
sometimes  sweating.  These  phenomena,  in  all  probability,  are  due 
to  reflex  irritation  of  the  cervical  sympathetic,  from  cicatrisation  in 
the  region  of  the  ciliary  ganglion. 

In  certain  cases  of  thermalgia  we  may  find  not  merely  local 
hyperaesthesia  of  the  skin  at  the  site  of  the  pain,  but  even  stimulation  of 
the  skin  at  any  other  part  of  the  body,  e.g.  the  opposite  limb,  may 
induce  intense  pain,  referred  to  the  original  thermalgic  area.  This 
variety  of  thermalgia  has  been  called  syneesthesalgia.^  The  syneesthe- 
salgic  pain  is  not  elicited  by  mere  contact  or  pressure  on  some  particular 
spot,  but  if  we  displace  the  point  of  contact,  e.y.  by  gentle  friction  or 
tickling,  intolerable  pain  at  once  appears  in  the  thermalgic  area,  often 
accompanied  by  intense  emotional  reaction,  and  even  by  flushing  and 
sweating  of  the  face  or  limb  on  the  side  of  the  thermalgia.  Moistening 
of  the  object  which  is  touched,  or  wetting  of  the  skin  before  being 
touched,  diminishes  the  tendency  to  induce  synsesthesalgia. 

1  Monbrun  and  Athanaflsio-Benisty,  Revue  neurologiqve,  Juin,  1916,  p.  906. 

2  Souques,  Societi  de  Neurologie,  6  Mai,  1915. 
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It  is  convenient  here  to  refer  to  erythromdalgia,  characterised  by 
cyanosis  and  pain  in  one  or  both  feet  in  the  dependent  posture,  re- 
lieved by  elevating  the  limb;  to  Raynaud's  disease,  which  may  be 
associated  not  only  with  local  pallor,  cyanosis  or  gangrene,  but  also 
with  subjective  sensations  of  tingling  or  pain;  and  to  intermittent 
arterial  claudication,  in  which  the  patient  after  a  few  steps  becomes 
unable  to  walk  farther,  owing  to  intolerable  pain  in  the  muscles  of 
the  leg.  To  these  conditions  we  shall  return  later,  when  studying  the 
nervous  affections  of  the  vascular  system. 

Paroxysmal  spontaneous  pain  in  the  periphery  of  a  limb,  ascending 
towards  the  trunk,  sometimes  occurs  as  a  variety  of  sensory  fit  in  gross 
disease  of  the  cortical  sensory  areas  in  the  contra- lateral  post-central 
gyrus.  Thus  in  one  case  of  my  own,  in  which  there  was  a  focal  lesion 
of  the  left  post-central  gyrus,  the  earliest  symptom  was  paroxysmal 
pain  in  the  right  fingers  and  hand.^ 

Finally,  we  should  refer  to  the  group  of  pains  met  with  in  hysteria 
and  neurasthenia.  These  are  more  often  areas  of  hyperaesthesia  than 
of  spontaneous  pain.  They  are  specially  common  in  the  neighbourhood 
of  joints,  whose  slightest  movement  causes  intense  pain.  In  other 
cases  the  muscles  are  apparently  hypersensitive,  so  that  any  attempt 
at  movement  of  the  limb,  active  or  passive,  causes  an  illusion  of  pain — 
so-called  akinesia  algera,  of  psychical  origin.  But  the  history  of  the 
case,  in  which  there  has  often  been  a  preceding  local  injury,  the  absence 
of  signs  of  structural  disease,  local  or  central,  and  the  presence  of  other 
hysterical  or  neurasthenic  phenomena,  wnll  aid  us  in  our  diagnosis. 
It  may  be  necessary  to  give  a  general  anaesthetic  in  order  to  eliminate 
gross  local  organic  disease. 

1  Review  of  Neurol,  and  Psychiatry,  1908,  p.  379. 
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ABNORMALITIES  OF  SENSATION: 
HYPERESTHESIA,  PARiESTHESlA,  ANAESTHESIA 

We  have  already  considered  the  anatomical  course  of  the  chief 
sensory  paths  from  the  periphery  to  the  perceiving  centres  in  the  brain 
(Chapter  I.).  Let  us  now  proceed  to  consider  the  methods  of  clinical 
investigation  of  the  various  forms  of  sensation. 

All  parts  of  the  surface  of  the  body  are  not  equally  sensitive.  Thus 
the  tip  of  the  tongue,  the  lips,  the  finger-tips,  in  the  order  mentioned, 
are  most  sensitive  to  surface  impression,  whilst  other  parts,  such  as  the 
dorsal  aspect  of  the  trunk,  the  upper  arm,  and  the  calf  of  the  leg,  are 
least  sensitive.  These  differences  depend  on  various  factors,  such  as 
thickness  of  epithelium,  relative  abimdance  of  sensory  end-organs,  etc., 
into  which  we  need  not  enter  more  minutely  here. 

All  sorts  of  ingenious  apparatus  have  been  devised  for  the  accurate 
measurement  of  minute  differences  in  sensibility  to  touch,  pressure, 
pain,  temperature,  and  so  on.  But  for  clinical  purposes  we  should 
avoid  complicated  apparatus,  and  content  ourselves  with  the  simplest 
possible  methods  which,  whilst  accurate  enough  for  practical  purposes, 
do  not  impose  too  great  a  strain  on  the  patient's  attention  nor  demand 
too  high  a  degree  of  intelligence  on  his  part. 

The  most  important  varieties  of  sensory  stimuli  which  we  employ 
in  testing  a  patient's  sensory  functions  are  light  touches,  pin-pricks, 
cold  and  hot  objects,  all  of  which  refer  to  cutaneous  sensations.  We 
have  also  to  consider  other  sensations  from  deeper  structures,  such  as 
joint-sensation  (or  sense  of  position  on  passive  movement),  active 
musde-sensation  (kineesthetic  sense,  or  sense  of  active  muscular  con- 
traction), and,  lastly,  the  vibration  sensation  produced  when  a  sounding 
tuning-fork  is  placed  over  the  subcutaneous  surface  of  a  bone  or  upon 
a  finger-nail.  There  are  other  varieties  of  sensory  stimuli,  such  as 
electro-cutaneous  sensibility  (which  is  generally,  but  not  always, 
parallel  in  intensity  with  the  pain-sense),  and  there  is  the  sensation  of 
pressure  and  appreciation  of  differences  of  pressure,  etc.  But  these, 
though  physiologically  interesting,  are  of  minor  clinical  value. 

There  is  perhaps  no  better  criterion  of  neurological  dexterity  than 
the  accuracy  with  which  an  observer  can  map  out  areas  of  diminution 
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or  loss  of  sensation  on  the  one  hand,  or  of  perverted  or  exalted  sensation 
on  the  other.  Both  experience  and  patience  are  required,  in  order  to 
obtain  trustworthy  results. 

Inasmuch  as  we  are  largely  dependent  on  the  intelligence  and  good- 
will of  our  patient  for  accurate  answers,  we  must  try,  as  far  as  possible, 
to  eliminate  all  distracting  outside  factors.  Therefore  when  we  are 
testing  sensation  we  direct  the  patient  to  close  his  eyes,  or,  better  still, 
cover  them  by  a  bandage,  so  that  his  attention  may  not  be  diverted  by 
watching  what  is  being  done.  We  must  also  be  careful  not  to  weary 
a  patient  by  too  prolonged  examination,  lest  as  he  gets  tired  or  im- 
patient his  answers  become  inaccurate.  The  simpler  our  methods  of 
examination,  the  better  are  our  results  likely  to  be.  We  have  also  to 
contend  with  wide  variations  in  the  intelligence  of  different  patients,  in 
their  education,  and  in  their  attentiveness;  this  latter  may  be  modified 
by  pain,  by  anxiety,  or  by  psychical  deficiencies.  Sometimes  we  have 
to  deal  with  deliberate  attempts  on  the  part  of  the  patient  to  mislead 
us.  Fortunately,  patients  who  simulate  disease  generally  make 
blunders  so  gross  as  to  prevent  an  erroneous  diagnosis  on  the  part  of 
a  careful  observer. 

Clinical  Investigation  o!  Sensation. — At  the  start,  the  patient's 
eyes  should  be  closed,  or  bandaged,  or  some  object  should  be  interposed 
between  his  eyes  and  that  part  of  the  body  which  is  being  tested.  The 
physician  must  be  careful  to  avoid  suggesting  the  presence  of  sensory 
changes  to  the  patient  under  examination.  The  patient  should  not  be 
asked  whether  he  feels  a  particular  stimulus  distinctly,  or  less  distinctly. 
He  should  simply  be  touched  or  pricked  at  some  spot  and  told  to  ' '  point 
to  that  spot ' '  at  once  with  his  finger.  In  this  way  we  avoid  suggesting 
the  presence  of  anaesthesia  to  a  hysterical  patient.  We  then  proceed 
to  test  the  various  cutaneous  sensations — ^touch,  pain  and  temperature, 
separately  and  in  turn. 

Touch  is  tested  by  means  of  some  soft  light  object,  such  as  a  tuft 
of  cotton- wool,  a  feather,  or  by  gentle  pulling  or  stroking  of  the  hairs. 
Loss  of  sensation  in  the  hairs  is  called  "  tricho-anaesthesia."  The 
compass  test  of  epicritic  sensibility  is  carried  out  by  placing  the 
points  of  a  pair  of  blunt  compasses  on  the  skin  and  observing  at  what 
degree  of  separation  the  patient  can  recognise  two  points  instead  of  one. 
Pressure  is  tested  by  means  of  a  pencil  or  other  blunt  object;  if  such 
pressure  be  steadily  increased  a  "  deep  "  sensation  of  pain  is  ultimately 
produced.  Cutaneous  pain  is  tested  by  pricking,  or  better  by  scratching, 
with  a  sharp  needle ;  itching  by  rubbing  in  the  hairs  of  imuyuna  pruriens ; 
cold  by  blowing  on  the  skin,  or  by  a  cold  object  such  as  a  metal  spoon 
or  a  test-tube  containing  ice-cold  water;  heat  by  breathing  on  the 
skin  or  by  a  warm  object  such  as  a  test-tube  containing  hot  water,  or 
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a  metal  spoon  which  has  just  been  removed  from  a  jug  of  hot  water 
at  about  50°  C.  Higher  temperatures  produce  sensations  of  pain 
rather  than  of  heat  alone. 

Each  variety  of  sensation  should  be  examined  separately,  before 
passing  on  to  the  next  kind  of  stimulus,  and  the  results  should  be 
recorded  on  an  outline-chart  of  the  body.  In  mapping  out  areas  of 
abnormal  sensation,  it  is  useful  to  have  a  skin-pencil  with  which  to 
mark  the  patient's  skin,  before  copying  the  result  on  our  chart. 

An  important  practical  point  in  mapping  out  areas  of  anaesthesia  is 
to  begin  within  the  anaesthetic  area,  and  to  work  towards  the  normal 
skin,  not  in  the  reverse  direction.  It  is  easier  for  a  patient  to  recognise 
the  moment  when  he  first  feels  a  sensation  than  for  him  to  observe 
when  he  first  loses  it.  On  the  other  hand,  in  mapping  out  areas  of 
hyperaesthesia  or  of  paraesthesia,  we  should  work  from  normal  skin 
towards  the  hyperaesthetic  area,  asking  the  patient  to  call  out  as  soon 
as  his  sensation  changes. 

In  setting  about  the  examination  of  the  sensory  functions,  we 
usually  begin  with  that  of  touch.  The  patient's  eyes  being  closed,  we 
lightly  touch  successive  spots  on  his  face,  trunk  and  limbs,  sometimes 
on  one  side,  sometimes  on  the  other,  meanwhile  asking  him  to  point 
quickly  to  the  spot  with  his  finger.  We  next  proceed  to  do  the  same 
with  light  needle-scratches,  then  with  cold  and  with  warm  objects. 
If  the  patient  has  an  area  of  diminished  or  altered  sensibility,  we 
generally  discover  it  by  this  method.  When  we  find  an  area  of 
abnormality,  we  proceed  to  map  it  out  carefully,  making  separate 
observations  for  touch,  pain,  and  temperature,  and  noting  whether  the 
areas  coincide  or  overlap. 

Besides  noting  whether  a  patient  feels  a  stimulus,  for  instance  a 
tactile  one,  we  should  also  notice  whether  he  localises  it  accurately. 
This  is  accomplished  by  asking  him  to  place  his  finger  on  the  spot  where 
he  was  touched,  for  instance,  the  dorsum  of  the  hand.  A  normal 
individual  can  do  this  accurately  to  within  a  fraction  of  an  inch.  But 
in  certain  varieties  of  anaesthesia,  especially  in  cortical  lesions,  the 
patient,  whilst  able  to  tell  that  he  has  been  touched,  makes  an  error 
of  several  inches  in  localisation.  This  is  called  "  atopognosis." 
Sometimes  the  patient,  when  touched  on  one  side  of  the  body,  feels  the 
sensation  at  the  corresponding  spot  on  the  opposite  side.  This  is 
termed  "  allocheiria,"  and  occurs  in  certain  cases  of  hysteria. 

When  testing  pain,  we  sometimes  find  that  although  the  patient 
correctly  perceives  and  localises  the  stimulus,  there  is  an  abnormally 
long  interval  of  time,  perhaps  amounting  to  several  seconds,  between 
the  stimulus  and  the  patient's  j^erception  of  pain.  This  is  called 
"  delayed  sensation,"  and  is  met  with  chiefly  in  cases  of  tabes. 
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The  path  for  itching  sensation  appears  to  run  along  with  the  pain- 
fibres.  Thus  in  organic  lesions  producing  analgesia  {e.g.  syringomyelia, 
etc.)  the  normal  sensation  of  itching  produced  by  the  application  of 
mucuna  pruriens  to  the  skin  is  lost  in  the  analgesic  area.-"-  In  areas 
of  hypalgesia  pin-pricks  may  cause  itching  instead  of  pain,  whilst 
mucuna  jJruriens  induces  a  subnormal  degree  of  itching. 

When  charting  areas  of  very  slight  cutaneous  anaesthesia,  it  is  often 
difficult,  despite  the  utmost  care  as  regards  our  stimuli,  to  obtain  an 
exact  outline  of  the  area  of  altered  sensibility.  Changes  in  the  quality 
of  sensations  may  exist  which  are  undetectable  even  by  cotton-wool 
touches.  Nevertheless  the  patient,  if  he  tests  his  own  skin,  may  be 
conscious  of  an  abnormality  too  delicate  to  be  discovered  by  another 
person  on  obj  ective  examination.  But  if  we  have  a  specially  intelligent 
patient  and  get  him  to  explore  his  anaesthetic  area  by  stroking  with 
his  own  finger,  indicating  where  he  perceives  a  line  of  transition  between 
normal  and  abnormal,  it  is  often  possible  for  him,  by  such  "  auto- 
exploration,"  to  map  out  his  area  of  altered  sensibility  with  great 
accuracy.^ 

If  a  fold  of  skin  be  lifted  up  between  the  finger  and  thumb  and 
pulled  in  various  directions,  upwards,  downwards,  or  sideways,  a 
normal  person  can  always  recognise  the  direction  in  which  his  skin 
is  being  displaced.^  Sometimes,  however,  in  early  tabes  the  direction 
of  traction  of  the  skin  and  subcutaneous  tissue  is  lost  over  a  wide 
area,  and  this  phenomenon  may  be  present  long  before  any  cutaneous 
tactile  anaesthesia  or  analgesia  can  be  made  out. 

So  much  for  cutaneous  and  subcutaneous  sensations.  But  there 
are  other  forms  of  sensation  which  are  of  clinical  importance.  The 
proprio-ceptive  sense-organs,  deeply  embedded  in  the  skeletal  muscles, 
tendons  and  joints,  serve  to  report  the  exact  state  of  contraction  of  the 
muscle,  tension  of  the  tendon  and  posture  of  the  joint,  thereby  regu- 
lating and  co-ordinating  muscular  activity.  This  group  of  sensations 
comprises  joint  sense,  kinaesthetic  sense,  and  tendon  sensibility. 

Joint  sense  is  tested  by  moving  a  joint  passively  into  various 
positions  backwards  and  forwards,  then  holding  it  fixed  in  a  certani 
position,  such  as  that  of  semi-flexion,  and  asking  the  patient  to  imitate 
exactly  that  position  with  the  limb  of  the  opposite  side.  Durmg 
this  test  the  muscles  of  the  joint  under  examination  must  be  fully 
relaxed,  for  it  not  infrequently  happens  that  when  a  patient  is  m 
doubt  as  to  the  position  of  his  joint,  he  begins  to  make  slight  voluntary 
movements  of  the  joint  before  answering.  These  must  not  be  per- 
mitted, since  he  thereby  gains  information  as  to  the  position  of  the 

1  Thole,  Neurdogisches  Centralblad,  1912,  s.  «10. 

2  Trotter  and  Davies,  Rev.  of  Neurol,  and  Psych.,  190/ ,  p.  /Ol. 

3  Bayer,  Muwh.  med.  Wochenach.,  May,  1914,  p.  HOo. 
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limb,  not  from  his  joint  sense,  but  through  an  entirely  different  sense, 
viz.  the  kinsBsthetic  sense  or  sense  of  active  muscular  contraction. 

To  test  this  kincesthelic  sense,  we  notice  whether  the  patient,  when 
raising  his  limbs,  can  detect  differences  in  the  weights  of  objects  of 
similar  size,  for  example  a  shilling  and  a  sovereign,  either  placed  in 
his  hand,  or  hung  in  a  sling  over  his  hand  or  foot.  For  this  purpose 
we  sometimes  employ  a  series  of  leather  or  wooden  balls  of  equal  size, 
loaded  with  different  weights.  Normally,  according  to  Weber's  law, 
a  healthy  individual  should  detect  an  increase  of  one-third  in  the 
weights  of  two  successive  objects.  Tabes  is  the  disease  in  which  this 
sense  of  active  muscular  contraction  is  most  markedly  diminished, 
and  in  which  the  joint  sense  is  notably  impaired  also.  The  loss  of 
these  two  senses  is  probably  the  main  factor  in  the  production  of 
tabetic  ataxy.  Loss  of  kinsesthetic  sense  is  also  present  in  many  cases 
of  "cortical"  anaesthesia. 

We  purposely  avoid  using  the  term  "  muscular  sense,"  for  several 
reasons.  Firstly,  it  is  ambiguous,  since  it  has  been  used  to  include 
two  entirely  different  senses: — joint  sense  and  kinsBsthetic  sense. 
Moreover,  it  might  also  be  confounded  with  a  third  sense,  the  sensi- 
bility of  muscles  and  tendons  to  dee'p  pressure  with  the  fingers.  Normally 
such  pressure,  if  moderate  in  degree,  is  painless ;  but  in  certain  diseases, 
as  in  peripheral  neuritis,  in  the  various  forms  of  myositis,  and  in  the 
abdominal  muscles  superficial  to  an  area  of  peritonitis  or  in  the 
segmental  area  corresponding  to  an  inflamed  internal  organ,  the 
muscles  become  exquisitely  tender  to  the  lightest  pressure.  On  the 
other  hand,  it  is  common  to  find  in  tabes  that  severe  compression  of 
the  muscles  and  tendons,  for  example  of  the  leg  muscles,  and  especially 
of  the  tendo  Achillis,  is  painless  (Abadie's  sign).  This  muscle  and 
tendon  analgesia  is  often  present  in  early  stages  of  the  disease. 

It  is  sometimes  of  value  to  observe  the  patient's  power  of  recog- 
nising, without  seeing  them,  the  forms  of  solid  objects  placed  in  his 
hand — so-called  stereognostic  perception.  Normally  a  patient  should 
be  able  to  recognise  familiar  objects  such  as  a  key,  a  coin,  or  a  chain. 
Stereognosis  can  also  be  tested  in  the  foot  by  pressing  certain  objects 
(e.g.  a  chain,  sponge,  brush,  or  the  observer's  finger)  against  the  plantar 
surface  of  the  toes.  In  some  cases  the  patient,  though  able  to  feel 
the  presence  of  the  object,  cannot  describe  its  form  and  qualities 
without  seeing  it,  Such  "  astereognosis  "  is  due  to  impairment  of 
sensation,  whether  from  peripheral  disease,  from  thalamic  lesions,  or 
from  disease  in  the  cortical  centres. 

Lastly,  there  is  the  vibration  sense  (palleesthesia,  or  "  osseous 
sense")  described  originally  by  Egger.  This  is  tested  by  means  of 
a  low-pitched  tuning-fork,  which  is  set  into  vibration  and  placed  upon 
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the  subcutaneous  surface  of  a  bone.  In  normal  individuals  a  charac- 
teristic vibratile  thrill  is  felt.  But  in  certain  diseases  involving  the 
posterior  roots  or  posterior  columns,  such  as^abe^  or  in  ^janj^YfiB*" 
^l|sigjJ^oHh^jp^j^C2£^  the  YJbration  sense  ma^be  lost  in  the  bones 
corresponding  to  the  affected  roots  (Fig.  86).  .Loss  of  this  sense  may  be 
the  earliest  form  of  anaesthesia  in  root-lesions  as  in  tabes,  where  it 
sometimes  precedes  cutaneous  anaesthesia.  In  Brown-Sequard 
paralysis  vibration  sense  is  lost  on  the  same  side  as  the  muscular 
paralysis^  (see  Figs.  11  and  14).  But  the  vibration  sense  is  not  an 
exclusive  property  of  bones,  though  bones  are  most  strikingly  sensitive; 
it  can  be  perceived  in  other  tissues,  notably  in 
the  nails,  which  are  closely  connected  with  the 
periosteum,  and  even  in  the  connective-tissues, 
although  in  them  less  intensely. 

Excessive  sensifivPTiPSS   f.n   normal    gfimnlLJg 

termed  hypercesthesia.  Such  hyperaesthesia  is 
usually  accompanied  by  a  degree  of  discomfort 
or  even  pain,  even  though  a  stimulus  be  used 
which  is  ordinarily  painless.  The  termjarses- 
thesia,  or  pprxr^roinn  nt  f^on-jation,  nignifion  thnji 
"an  ordinary  stimi 


"sation,  as  for  example  a  feeling  "f  titigUng  wTipsn 
the  skin  is  touched,  or  a  feeling  of  acute  pain 
when  moderate  cold  is  applied.  Under  the 
head  of  parsesthesiae  we  may  also  include  such 
phenomena  as  multiple  sensations  (polyaesthesia), 
allocheiria.  etc. 

Strictly  speaking,  diminution  of  sensation  should  be  designated 
hypo-cesthesia,  and  the  term  anaesthesia  should  be  reserved  for  total 
loss  of  sensation.  It  is  usual,  however,  to  speak  of  "  slight," 
"moderate,"  and  "total"  anaesthesia.  When  only  one  form  of 
cutaneous  anaesthesia  is  referred  to,  we  sometimes  find  it  convenient 
to  talk  of  tactile  ancejthesia,  of  aawlgesia  or  loss  of  pain  sense,  and  of 
thermo-ancBjthesia  or  loss  of  temperature  sense.  We  speak  of  dis- 
sociated  ancesthesia  when  some  forms  of  sensation,  such  as  tactile  sense,_ 
are  normal,  whilst  in  the  same  area  others,  such  as  pain  and  temperature 
sense,  are  lost.     This  occurs  especially  in  syringomyelia  and  in  the 

2|rnwn.^^q^narH    synrlrnfnp 

We  speak  of  hemi-ancBsthesia  where  one-half  of  the  body,  right  or 
left,  is  affected,  and  of  para-ancBsthesia  where  bothjegsor  both  arms 
are  affected  nwin^y  to  a  Ift-sinn  of  the  spinal  cord  or  to  a  symmetncal 
affection  oFthe  posterior  roots.    We  also  speak  of  radial,  ulnar, 

1  Vide  Bing,  Neurolog.  CentralblaU,  1910,  p.  173. 


FiG.86.— Tabes  with  loss 
of  vibration-sense  in 
bones  of  lower  limbs, 
pelvis,  lumbar,  and 
lower  dorsal  vertebrae. 
The  bones  with  loss 
of  vibration-sense  are 
shaded  black. 
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peroneal  ansesthesia,  etc.,  where  the  sensory  loss  corresponds  to  the 
distribution  of  a  single  peripheral  nerve. 

HjrperaBsthesia. — Universal  hypereesthesia  is  rare.  It  is  chiefly 
met  with  in  hysteria,  but  also  occurs  in  other  aifections,  as  in  strychnia 
poisoning,  where  the  slightest  touch  may  suffice  to  evoke  a  violent 
spasm.  Hemi-hypersesthesia  is  chiefly  found  in  neurasthenic  and 
hysterical  patients».,and  may  be  associated  with  other  hysterical 
phenomena.  Thus  I  remember  the  case  of  a  soldier  with  traumatic 
hysteria  who  had  hemi-hypersesthesia,  accompanied  by  abnormal 
widening  of  the  visual  field  and  by  increased  acuity  of  smell,  taste, 
and  hearing,  all  on  the  hypersesthetic  side  of  the  body. 

In  the  thalamic  syndrome,  hemi-hyperaesthesia  (or  excessive  re- 
action) to  temperature  and  pain,  sometimes  coexists  with  hemi-anaes- 
thesia  (or  loss  of  sensation)  to  tactile  stimuli  and  with  impairment  of 
joint  sense,  loss  of  osseous  sense  and  astereognosis  in  the  affected  limbs. 
In  some  thalamic  cases  the  pleasurable  sensation  produced  by  a  warm 
hand  applied  to  the  skin  of  the  affected  side  is  associated  with  a 
marked  accentuation  of  pleasure;  and  even  emotional  conditions  of 
pleasure  or  the  reverse  {e.g.  those  produced  by  music)  may  be 
accompanied  by  specially  intense  response  in  the  abnormal  half  of  the 
body.-"-  This  thalamic  overaction  is  due,  not  to  irritation  of  the 
thalamus,  but  to  its  release  from  normal  cortical  control. 

Hypersesthesia  in  more  or  less  symmetrical  root-areas  of  the  trunk 
or  limbs,  due  to  irritation  of  the  posterior  roots,  is  not  uncommon  in 
diseases  causing  pressure  on  the  spinal  cord  or  its  meninges,  as  in  caries 
or  tumours  of  the  spine.  Here  the  hypersesthesia  corresponds  to  the 
area  supplied  by  the  uppermost  root  involved,  and  is  usually  associated 
with  anaBsthesia  and  motor  weakness  in  the  parts  below. 

Odd  irregular  areas  of  hypersesthesia,  which  do  not  correspond 
either  to  root-areas  or  to  the  distribution  of  peripheral  nerves,  a'l'o. 
amongst  the  commonest  phenomena  of  hysteria.  Tender  areas  are 
particularly  common  over  hysterical  joints  and  over  certain  vertebral 
spines  in  hysteria,  and  we  frequently  notice  that  the  lightest  touches 
cause  severe  pain,  whereas,  when  the  patient's  attention  is  diverted, 
deep  pressure  on  the  same  spot  may  be  painless.  Pressure  on  such 
tender  spots  may  sometimes  excite  a  hysterical  attack — ' '  hysterogenic ' ' 
areas — and  in  other  cases  may  restrain  or  stop  an  attack — "  hystero- 
frenic"  areas.  To  this  subject  we  shall  return  when  discussing  the 
diagnosis  of  hysteria. 

Next  in  frequency  after  hysterical  hypersesthesia  arc  areas  of 
cutaneous  hypersesthesia  in  tabes.     Tactile  hypersesthesia  is  specially 
common  in  cases  with  gastric  or  other  visceral  crises,  m  tiic  root-areajr* 
1  Head  and  Holmes,  Brain,  1911,  pp.  134-135. 
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corresponding  to  the  viscus  affected.  It  is  also  common  in  the  areas 
where  lightning- pains  are  felt,  and  like  these  pains  it  may  be  one  of  the 
earliest  evidences  of  the  disease.  Thusapatient_wit]Lincipient  tabes, 
iot_5rearsJififore  he  reached  the  stage  of  ataxia,  was  so  hyperaesthetic 
around  the  trunk  that  it  was  agony  for  him  to  pull  his  shirt  on,  or  to 
sponge  his  body  when  bathing.  Tabetic  hypersesthesia  may  occur  not 
only  on  the  trunk,  but  also  on  the  limbs,  and  even  on  the  face.  Hyper- 
sesthesia is  specially  frequent  round  the  orbits  in  cases  of  tabetic  ocular 
palsies. 

Hypersesthesia  in  the  areas  of_B£i-ipheraljierv.eS-,occuis  iajthdrue 
iieiiralgiaSi  as  in  trigeminal  nftnralgia.  wliATA  the  neuralgic  area  is  often 
exquisitely  tender,  especially  over  the  foramina  of  exit  of  the  various 
branches.  The  patient  may  be  unable  to  wash  his  face  for  weeks  at 
a  time,  because  the  lightest  touches  induce  a  paroxysm  of  neuralgia. 
Jjocalised  hypeyaBsthesia  sometimes  pTfOftdps  f.lip  pmption  of  herpes 
zosifc£r»jafl4jnay  persist  for  weeks  or  months  after  the  eruption  has 
passed  away.  Lastly,  we  may  mention  the  hypera^sthesia  of  the  hands^^ 
andjpf^' '"  miilfipip  TiQiiyJtis^  in  ^jrh  condition  t hero  is  often  present 


a  degree  of  anaesthesia  also.  The  coexistence  of  hyperalgesia  to  light 
pressure  with  anaesthesia  to  light  touches  is  very  characteristic  of 
alcoholic  neuritis. 

Parsesthesia,  or  perverted  sensation,  has  much  the  same  diagnostic 
significance  as  hyperaesthesia.  It  may  also  be  mentioned  that  when  a 
peripheral  cutaneous  nerve  is  in  process  of  recovery  after  an  injury, 
the  skin  often  passes  through  a  stage  of  paraesthesia  before  normal 
sensation  is  restored. 

Anaesthesia.— Universal  anaesthesia  of  the  skin  and  accessible 
mucous  membranes  to  all  forms  of  stimuli  is  exceedingly  rare,  occurring 
only  m  hysteria^-  Fig.  87  shows  such  a  case  in  a  girl,  in  whom  it  was 
possible  to  push  pins  through  the  skin  on  both  sides  of  the  body  without 
causing  pain. 

Hemi-anaesthesia  always  indicates  a  central  affection.  In  every 
case  of  hemi-anaesthesia  we  must  determine  whether  the  disease  is 
functional  or  organic,  and  if  organic,  at  what  level  in  the  sensory 
tract  the  lesion  is  situated,  whether  in  the  cortex,  internal  capsule, 
optic  thalamus,  or  lower  down. 

Hysterical  hemi-anwsthesia  is  the  result  of  suggestion,  whether  by 
the  patient  or  by  the  medical  observer.  It  varies  in  degree  from  total 
anaesthesia  down  to  the  slightest  degree  of  bhmting  of  sensation,  only 
discoverable  on  comparison  of  the  two  sides.  Not  uncommonly  it 
tends  towards  the  "  segmental  "  type,  and  it  is  frequently  accompanied 
by  other  hysterical  phenomena,  especially  by  blunting  of  the 
special  senses  on  the  hemi-anaesthetic  side,  concentric  contraction 
^  13 
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of  the  visual  field,  and  by  other  features  which  we  shall  study 
later.  Hysterical  anaesthesia  produces  no  inconvenience  or  loss  of 
function,  so  that  a  hysterical  patient  with  anesthesia,  say,  of  one 
upper  limb,  is  able  with  eyes  closed  to  execute  fine  movements  for 
which  accurate  cutaneous  sensation  is  indispensable,  e.g.  picking  up 
a  pin,  buttoning  or  unbuttoning  a  garment,  etc. 


# 


Fi 


.  87. — Universal  anaesthesia  in  a  hysterical  patient,     yterilitcd  eafety. 
pins  have  been  pushed  through  the  skin  on  both  sides  without  producing 
i--j-_        Hysterical  contracture  of  the  left  hand  is  also  present. 


bleeding. 


We  should  remember  that  hysteria  sometimes  coexists  with  organic 
disease,  thereby  complicating  the  diagnosis. 

Organic  hem%-an<Bsthesia  may  also  vary  in  its  degree,  from  slight  to 
severe  anaesthesia;  but  it  is  never  absolute  in  degree  as  in  some  cases 
of  hysteria.  It  is  generally  more  marked  on  the  limbs  than  on  the 
trunk  or.  face,  and  more  intense  at  the  periphery  of  a  limb  than  at  its 
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proidmal  end.  It  is  never  marked  off  by  a  sharp  line  running  across 
the  limb,  as  is  the  "segmental"  anaesthesia  of  hysteria,  but  fades 
gradually  in  intensity  as  we  pass  from  the  hand  to  the  shoulder. 
A  degree  of  atopognosis  is  always  present  in  organic  hemi-ansesthesia. 
The  special  senses  are  miaffected  (their  paths  probably  do  not  traverse 
the  internal  capsule),  with  one  exception,  namely  that  of  vision,  in 
cases  in  which  the  lesion  implicates  the  optic  radiations.  But  here 
again  we  get  a  homonymous  hemianopia,  unlike  the  hysterical  con- 
traction of  the  visual  field  to  which  we  shall  refer  later. 

If  we  find  that  a  hemi-anaBsthesia  is  organic  in  origin,  we  have 
then  to  determine  whether  the  lesion  is  cortical  in  situation  or  whether 
it  is  lower: — in  the  thalamo-cortical  path,  in  the  optic  thalamus  itself, 
or  below  it.  Tn^  cortical  hftmi-ansesthesia  the  other  signs  of  cortical 
disease  will  aid  the  diagnosis.  Thus  in  a  mixed  motor  and  sensory 
syndrome  the  presence  of  monoplegia  rather  than  hemiplegia,  or  the 
occurrence  of  JjipVgnnian  fif.g^  p^ill  point  to  a  cortical  localisation, 
remembering  that  the  cortical  sensory  areas  are  widely  distributed 
over  the  parietal  cortex,  some  of  them  intermixed  with  the 
corresponding  motor  centres  in  the  pre-central  gyrus. 

According  to  Head,  the  most  anterior  part  of  the  sensory  cortex  has 
to  do  with  the  recognition  of  spatial  impressions,  whether  these  be 
one-dimensional  (spot-finding  or  topognosis),  two-dimensional  (com- 
pass-test), or  three-dimensional  (passive  movements).  The  loiver 
and  posterior  zone  of  the  parietal  region  is  associated  with  the  recogni- 
tion of  intensity  of  sensations — "  more-or-less-ness,"  e.g.  the  distinction 
between  a  warm  object  and  a  warmer  one.  The  post-central  gyrus 
is  specially  concerned  with  the  recognition  of  identity  and  difference,  as 
regards  the  size,  shape  and  form  of  objects  brought  into  contact  with 
the  body.  The  cortical  centres  are  not  concerned  with  the  crude 
appreciation  of  touch,  pain,  heat,  and  cold. 

Cortical  anaesthesia  is  specially  associated  with  untrust worthiness 
of  response  to  the  same  tactile  stimulus  owing  to  failure  of  attention 
and  to  erroneous  judgments,  and  with  abnormally  early  fatigue,  so 
that  responses  to  touches  on  the  affected  hand  rapidly  tend  to  dis- 
appear. The  most  frequent  sensory  defects  produced  by  a  cortical 
lesion  are  loss  of  joint  sense,  inability  to  recognise  differences  in  the 
weights  of  objects,  and  inability  to  recognise  the  posture  of  the  affected 
limb  in  space  when  the  eyes  are  closed.^  Cortical  anaesthesia  is  less 
profound  than  thalamic,  and  is  most  distinct  at  the  periphery  of  the 
affected  limb.  Indeed,  in  cortical  anaesthesia  it  is  usual  for  the  trunk 
to  be  little  or  not  at  all  affected. 

Thalamic  hemi-ansesthesia,  generally  the  result  of  a  lesion  in  the 

1  Head  aud  Holmes,  Brain,  1911,  vol.  xxxiv. 
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postero-external  part  of  the  optic  thalamus,  is  ri^f^r  ]nnnf»pl^g: 
typpjjiiit  always  affftnFa  fhft  entire  half  of  the  bodvT  including  the  trunk. 
Hemi-ansBsthesia  to  cotton-wool  touches  from  a  thalamic  lesion  is 
^ten  associated,  ti .  we  have  seen,  with  paroxysmal  pains  of  iji- 
^lerable  severity  in  the  affected  limbs  and  side  of  the  face,  and  with 
excessive  sensibility  to  pain  and  temperature  on  the  anaesthetic  side, 
so  that  when  a  pin-point,  or  a  hot  <m  •  old  object,  is  dragged  lightly 
across  the  trunk  from  the  normal  to  the  anaesthetic  side,  it  causes 
excessive  discomfort  as  soon  as  it  crosses  the  middle  line. 

The  thalamic  syndrome  also  includes  hemi-ataxy  of  the  limbs  and 
spontanea" «  plinrAifQjjm  or  athetoid  movements.  The  deep  refle2^e&- 
are  unafffc.tftH,  and  th^fi*.  plantiftr  ^^^^^JjeBlSTne-of  the  normal  flexor 


^pCy  since  the  pyramidal  motor  path  is  intact.  The  patient  often 
gives  ahistory  of  transient  motor  hemiplegia  at  the  onset,  but  this 
motor  weakness  rapidly  disappears  and  is  succeeded  by  paroxysmal 
pains  in  the  hemi-anaesthetic  limbs  and  faoe. 

The  intensity  of  thalamo-cortical  and  of  thalamic  anaesthesia  is 
deeper  than  in  cortical  cases,  but  not  so  markedly  intensified  at  the 
periphery  of  the  limbs.  It  is  associated  with  hemianopia  if  the  lesion 
extend  backwards,  or  with  motor  hemiplegia,  most  marked  in  the  leg 
(but  not  a  monoplegia),  if  the  lesion  extend  forwards  into  the  pyramidal 
motor  path. 

We  may  also  have  sub-thalamic  hemi-ansesthesia  from  organic 
lesions  of  the  sensory  path  below  the  level  of  the  optic  thalamus;  in 
fact,  at  any  level  in  the  fillet  above  the  sensory  decussation  in  the 
medulla.  Such  lesions  are  no  longer  associated  with  hyperaesthesia 
to  painful  stimuli,  and  can  often  be  correctly  localised  by  the  co- 
existence of  other  signs.  Thus  a  unilateral  lesion  in  the  dorsal  aspect 
of  the  pons^  implicating  the  trigeminal  nerve  or  nucleus,  together  with 
the  remainder  of  the  sensory  fibres  belonging  to  the  other  side  of  the 
body,  will  cause  a  crossed  hemi-ancBsthesia,  i.e.  anaesthesia  of  the  face 
on  the  side  of  the  lesion,  and  of  the  arm,  trunk,  and  leg  on  the  opposite 
side  (Fig.  13,  p.  15).  A  lesion  of  the  sensory  path  in  the  medulla  below 
the  level  of  the  trigeminal  nerve  must  be  more  widespread  laterally 
to  produce  a  complete  hemi-anaesthesia,  since  the  path  for  temperature 
and  pain  is  here  at  some  distance  from  the  tactile  path  (Fig.  12,  p.  15). 

Anaesthesia  also  occurs  in  certain  lesions  of  the  spinal  cord.  We_ 
should  note,  however,  that  there  are  many  cord  diseases  in  which 
anaesthesia  is  absent,  such  as  progressive  muscular  atrophy,  amyo- 
trophic  lateral  sclerosis  and  acute  anterior  poliomyelitis.  Disseminated 
sclerosis  _also  is  a  disease  in  which  sensory  changes  are  frequently 
absent.  But  if  the  spinal  cord  be  destroyed  or  divided  at  a  certain 
transverse  level,  whether  by  trauma  or  by  disease  such  as  acute 
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softening,  whereby  sensory  as  well  as  motor  paths  are  interrupted, 
all  the  sensory  impressions  ascending  in  the  posterior  and  lateral 
colunms  (Figs.  9  and  11,  pp.  9  and  14)  will  be  lost  below  the  level  of 
the  lesion.  We  then  have  ajpara-anmsthesia.  the  upper  limit  of  which 
corresponds  with  that  of  the  highest  sensory  root  affected.  The 
anaesthesia  of  a  total  transverse  lesion  implicates  all  forms  of  sensation, 
both  superficial  and  deep.  And  since  in  many  of  these  cases  there  are 
irritative  or  inflammatory  processes  affecting  the  roots  immediately 
above  the  area  of  destruction,  it  not  unfrequently  happens  that  there 
is  a  narrow  zone  of  paraesthesia  or  of  hypersesthesia  immediately  above 
the  anaesthetic  area. 

In  cases  in  which  the  cord  is  gradually  compressed  by  progressive 
disease  in  the  meninges  or  vertebrae,  thj>re  is  iisiia|]y  a  progressive 
parapleg^g,  with  the  usual  alteration  of  reflexes.  Here  anaesthesia 
appears  late  in  the  disease,  being  preceded  by  spontaneous  subjective 
sensations  or  dyscBsthesice,  after  wTiiVTi  hyp*"T«>st.}iAsia  a.pppj\rs,  and  I^Pt- 
of  all  anaesthesia..  Moreover,  in  compression- paraplegia  the  lower 
sacral  root-areas  are  usually  less  deeply  anaesthetic  than  the  areas 
above. 

When  a  cord  lesion  is  incomplete  in  its  transverse  extent,  certain 
forms  of  sensation  may  escape.  Thus  unilateral  lesions  of  the  cord 
produce  Brown-Se'quard  paralysis.  Most  commonly  this  is  the  result 
of  a  stab  or  bullet-wound,  but  it  may  also  be  caused  by  softenings  or 
growths.  Or  a  lesion  which  was  originally  more  extensive,  e.g.  a 
haemorrhage,  may  clear  up  so  as  to  become  a  unilateral  one.  In  the 
ty3)ical  Brown- Sequard  syndrome,  as  will  be  seen  from  Figs.  11  and  14, 
there  are  on  the  side  of  the  lesion  the  well-known  motor  and  vaso-motor 
paralyses,  together  with  loss  of  sensation  in  the  joints  and  muscles  and 
loss  of  vibration  sense,  whilst  on  the  opposite  side  there  are  thermo- 
anaesthesia,  analgesia  and  some  tactile  anaesthesia.  In  thermo- 
anaesthesia  from  cord  lesions,  the  areas  of  anaesthesia  to  cold  and  to 
heat  are  sometimes  co-extensive.  But  this  is  not  always  so;  sensi- 
bility to  heat  may  be  abolished  without  loss  of  sensibility  to  cold,  or 
vice  versa,  or  the  areas  of  loss  to  heat  and  to  cold  may  differ  widely 
in  extent.  If  the  lesion  be  above  the  lumbar  enlargement,  as  is 
generally  the  case,  the  motor  paralysis  is  of  the  upper  neurone  type, 
with  spasticity,  increased  deep  reflexes  and  an  extensor  type  of 
plantar  reflex.  If,  as  sometimes  happens  in  stab-wounds,  the  lesion 
destroys  the  most  lateral  region  of  the  cord,  but  does  not  quite  reach 
the  middle  line,  thereby  sparing  the  postero- internal  column,  the  deep 
structures  on  the  side  of  the  lesion  preserve  their  sensibility.  In  any 
case,  on  the  side  of  the  lesion,  a  narrow  zone  of  anaesthesia  exists, 
corresponding  to  the  posterior  root-fibres  cut  across  at  the  level  of  the 
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lesion.      And  in  cases  with  an  abrupt  onset  there  is,  above  the  anaes- 
thesia, a  zone  of  hypersesthesia  from  irritative  root- changes. 

Dissociated  anaesthesia,  often  without  motor  paralysis,  is  char- 
acteristic  of  disease  in  the  region  of  the  posterior  cornua  of  the  cord 
or  in  the  substantia  gelatinosa  of  tho  mediiUa^  as  msurimiomw^^ 

in  which  analgesia  iin<l  thermo-anaesthesia  occur,  to- 
gemer  witn  loss  of  vibration  sense,  corresponding  to  the  area  of  spinal 
cord  affected,  on  one  or  both  sides,  whereas  tactile  sensation  remains 
unimpaired  (see  Fig.  88).  The  area  of  dissociated  anaesthesia  in 
syringomyelia  does  not,  as  a  rule,  include  the  parts  below  the  level 
of  the  diseased  posterior  horn.  Only  in  exceptional  and  advanced 
cases  and  where  the  lateral  colunms  have  become  implicated,  including 

the  long  crossed  fibres  of  the  spino-thalamic 
tract,  does  the  thermo-anaesthesia  affect 
the  lower  limb  or  limbs.  The  syringomyelic 
patient  often  burns  his  fingers  accidentally 
without  pain,  and  he  may  develop  painless 
whitlows  in  his  analgesic  fingers — so-called 
Mor van's  disease.  He  may  also  have  spon- 
taneous disintegrations  in  joints,  with 
fractures  and  osteophytic  or  destructive 
changes  in  the  articular  ends  of  the  bones. 
In  pi,9«^t,  pasps  of  syringomyelia  there  also  is 
syringo-  sonie  atrophv  of  the  anterior  cornua;  there- 
fore we  should  be  on  the  look-out  for  a 
coexisting  muscular  atrophy  of  spinal  type, 
involvmg  especially  the  small  muscles  of 
the  hands.  If  the  pyramidal  tracts  become  iflvolved  in  svrii^- 
myelia,  a  spastic  paraplegia  is  superadded,  and  sooner  or  later  a  degree 
of  scoliosis  or  even  l^pho-scoliosis  develops  (Fig.  89). 

But  unilateral  cord  lesions  and  syringomyelia  are  not  the  only 
diseases  which  produce  dissociated  anaesthesia.  A  small  lesion  such 
as  an  area  of  softening  or  of  npw  growt.h,  in  the  'ponto-cerebeRar  angle 
of  the  pong,  at  the  level  of  the  auditory  nerve,  will  cause  deafness  of  the 
same  side  with  analgesia  and  thermo-anaesthesia  of  the  opposite  side, 
tactile  sensation  being  unaffected.  If  the  cerebellar  peduncle  be 
involved,  there  will  be  cerebellar  phenomena  also,  such  as  we  have 
already  studied. 

Tabetic  anaesthesia  is  the  commonest  of  all  organic  anaesthesiae. 
In  this  disease  the  sensory  loss  tends  to  follow  fairly  closely  the  dis- 
tribution  of  the  posterior  roots  affected  by  the  tabetic  process.  Thus 
it  is  commoner  in  the  lower  limbs  than  in  the  upper.  Joint  sense  and 
vibration  sense  usually  become  impaired  earlier  than  cutaneous  sensa- 


Fio.    88.  —  Bilateral 

rayelia,  indicating  area  of 
thermo-anaesthesia  and  anal- 
gesia in  the  patient  shown 
in  Fig.  89. 
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tions,  whilst  analgesia  precedes  tactile  anaesthesia.  In  the  upper 
limbs  the  fingers  on  the  ulnar  side  of  the  hand  are  usually  affected 
earlier  than  the  other  digits,  and  there  is  often  a  strip  of  analgesia 


FiQ.  89. — Syringomyelia  with  arthropathy  of  right  shoulder-joint 
and  scoliosis. 

running  longitudinally  along  the  inner  side  of  the  whole  upper  limb, 
corresponding  to  the  eighth  cervical  and  first  thoracic  roots  (Fig.  90). 
In  many  tabetics  the  ulnar  nqrvf'  bpln>^  ^•^'^  *^^^^^  ^"'^p^  '^-^  normal 


FiQ.  oi—Eirly  tabaa,  showing  "cuirass"  of  subjective  girdle-feeling  (dotted  area) 
with  zone  of  cutaneous  hyperaesthesia  (crosses)  below  the  cuirass,  passing  up 
between  its  limits  posteriorly.  Analgesic  areas  (horizontal  shading)  in  upper 
limbs  (Cg  and  Th,  roots)  and  in  lower  limbs  (L4,  L^,  and  S,  roots). 

sensitiveness  on  pressurf— •pjftrnap.Vi'a  sign.  And  on  the  trunk  it 
'is  common  to  find  a  broad  zone  of  analgesia,  and  sometimes  of  tactile 
anesthesia  as  well,  the  upper  border  of  which  is  at  the  level  of  the 
second  ribs  in  front.     This  zone  is  often  incomplete  laterally  or 
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/posteriorly,  just  as  the  subjective  "cuirass"  sensation  may  be. 
/  Analgesia  of  the  glans  penis  is  another  early  sign  of  tabes,  also  loss  of 
the  normal  tenderness  of  the  testicle  on  pressure.  Acute  inflam- 
matory affections  of  the  viscera,  which  in  an  ordinary  individual  are 
highly  painful,  may  in  certain  tabetic  patients  run  their  course  pain- 
lessly and  even  without  rigidity  of  the  superjacent  muscles.  Thus  a 
tabetic  patient  may  have  acute  pleurisy  without  pain  ;  or  an  acute 
appendicitis  or  a  gastric  ulcer  may  progress  painlessly  to  perforation 
and  to  diffuse,  fatal  peritonitis.  These  facts  are  probably  to  be  ex- 
plained by  the  presence  of  tabetic  degeneration  in  the  grey,  afferent, 
rami  communicantes  leading  from  the  sympathetic  to  the  posterior  root 
ganglia.     Tendinous  analgesia,  on  pinching  the  tendo  Achillis  {Abadie's 


Fio.  91. — From  a  case  of  multiple 
neuritis,  showing  "glove"  and 
"  sock"  areas  of  anaesthesia. 


Fig.  91a. — From  another  case  of 
peripheral  neuritis,  showing 
"glove"  and  "stocking"  areas 
of  cutaneous  parsesthesia. 


sign),  is  also  present  in  the  majority  of  tabetic  patients.  But  tabetic 
anaesthesia  is  not  always  sharply  limited  to  root-areas,  and  we  should 
seek  for  confirmatory  evidence  of  the  disease  in  the  pupils,  deep  reflexes, 
cerebro-spinal  fluid,  etc. 

Anaesthesia  in  peripheral  nerve  palsies  of  sensory  or  mixed  nerve- 
trunks  is  of  course  confined  to  the  distribution  of  the  affected  nerve  or 
nerves.  If  a  pure  cutaneous  nerve  be  completely  paralysed  we  have  loss 
of  cutaneous  sensations,  both  "  epicritic  "  and  "  protopathic,"  whilst 
the  deep  sensibility  in  muscles,  tendons  and  bones  is  still  preserved 
(see  p.  12).  The  area  of  cotton- wool  anaesthesia  in  a  complete  peripheral 
nerve  lesion  is  always  more  extensive  than  the  area  of  analgesia  to 
pin-pricks.  But  as  we  ascend  the  nerve- trunk  in  a  proximal  direction, 
the  two  areas  become  more  nearly  co-terminous,  until  in  a  posterior 
root-lesion  the  area  of  loss  to  pin-pricks  actually  exceeds  that  of 
anaesthesia  to  cotton-wool  touches.  As  Head  has  put  it,  the  nearer 
the  lesion  lies  to  the  central  nervous  system,  the  more  extensive  and 
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definite  is  the  loss  to  pin- pricks;    the  nearer  to  the  periphery,  the 
greater  is  the  loss  to  cutaneous  touches  with  cotton- wool  stimuli. 

In  cases  of  incomplete  severance  of  a  peripheral  nerve  the  area 
of  pin-prick  analgesia  is  sometimes  more  extensive  than  that  of  cotton- 
wool loss.  And  if  a  nerve  be  partly  cut  across  and  at  the  same  time 
partly  compressed  {e.g.  by  scar-tissue  or  callus),  the  cutaneous  area 
corresponding  to  the  cut  part  will  show  cotton- wool  loss  to  be  greater 
than  pin-prick  analgesia,  whereas  in  the  area  corresponding  to  the 
compressed  part,  pin-prick  loss  will  be  greater  than  cotton- wool  loss,^ 

If  a  mixed  nerve-trunk  be  paralysed, 
muscular  paralysis  with  atrophy  is  added 
to  anaesthesia,  not  only  of  cutaneous,  but 
also  of  deep  sensibility  in  the  correspond- 
ing bones,  joints  and  tendons,  and  the 
diagnosis,  as  a  rule,  presents  no  difficulties. 
It  must  be  borne  in  mind  that  as  a  mixed 
nerve  recovers  from  its  paralysis,  sensa- 
tion usually  returns  before  motor  power, 
and  protopathic  sensations  recover  before 
epicritic. 

The    ansesthesia    following    an    attack     Fio-  92.— Anaesthesia  in  leprous 

of   herpes  zoster    sometimes   lasts  for  a 

considerable  time  after  the  eruption  has  disappeared. 

In  the  anaesthesia  of  multiple  neuritis,  whether  resulting  from  alcohol, 
diphtheria,  diabetes,  septic  poisoning,  or  other  causes,  the  disease  is 
generally  bilateral  and  symmetrical,  affecting  hands  or  feet  or  both. 
Subjective  tingling  sensations  usually  precede  the  anaesthesia,  which  is 
of  the  "  glove  "  and  "  sock  "  variety,  not  marked  off  sharply  as  in  the 
"  segmental  "  anaesthesia  of  hysteria,  but  shading  off  gradually  at  the 
upper  margin  (see  Figs.  91  and  91a).  Most  cases  have  also  some 
superadded  motor  weakness  in  the  form  of  drop-foot  and  drop-wrist. 

The  anaesthesia  of  leprous  neuritis  is  often  curiously  patchy  and 
asymmetrical  (see  Fig.  92).  It  is  associated  with  palpable  thickening 
of  the  nerve-trunks  and  often  with  trophic  changes  in  the  skin,  etc. 
(see  later,  p.  293). 

Lead  paralysis  differs  from  ordinary  peripheral  neuritis  in  being 
entirely  a  motor  palsy,  free  from  sensory  changes,  and  whilst  affectmg 
the  muscles  innervated  by  the  musculo-spiral  nerve,  it  usually  leaves 
the  supinator  longus  unimpaired.  Moreover,  the  extensor  communis 
is  less  severely  paralysed  than  the  extensor  indicis  and  extensor 
minimi  digiti. 

1  Core,  Lancet,  1916,  p.  716;  Stopford,  ibid.,  1916,  p.  718. 


CHAPTER  XIIl 

ORGANIC  MOTOR  PARALYSIS  OF  UPPER  NEURONE  TYPE 

In  the  investigation  of  the  various  motor  palsies,  apart  from  those 
affecting  the  cranial  nerves  which  we  have  already  studied,  we  should 
proceed  in  a  definite  order. 

We  commence  by  inspection  of  the  palsied  limb  or  limbs,  noting 
the  posture  of  the  limb,  the  presence  or  absence  of  local  muscular 
atrophy  or  hypertrophy,  the  existence  of  wounds,  swellings,  or  other 
deformities.  We  then  proceed  to  palpation  of  the  bones  and  joints, 
following  their  outlines  and  testing  their  range  of  passive  movement, 
so  as  to  discover  whether  the  deficiency  of  active  movement  may  not 
be  due  to  mechanical  causes,  such  as  fractures,  dislocations,  ankyloses, 
adhesions  or  inflammations  of  bones  or  joints,  and  so  on. 

Thus  in  the  case  of  a  semi-comatose  lady,  whom  I  saw  within  a  few 
hours  after  a  carriage  accident,  there  was  apparent  inability  to  move  the 
left  arm  or  leg.  This  might  have  suggested  a  lesion  of  the  right  cerebrum 
producing  hemiplegia,  but  a  preliminary  investigation  of  the  bones  showed 
that  the  left  femur  and  left  clavicle  were  broken.  It  was  therefore  un- 
necessary to  diagnose  an  intra-cranial  lesion  of  the  pyramidal  tract,  especi- 
ally as  the  plantar  reflexes  were  normal  on  both  sides.  The  result  proved 
the  correctness  of  this  view. 

We  should  also  observe  whether  the  muscles  of  the  affected  part  are 
rigid,  stiff  and  spastic,  or  whether  they  are  loose,  relaxed  and  flaccid. 

Lastly,  we  proceed  to  investigate  the  patient's  powers  of  volun- 
tary movement  of  the  affected  limb.  In  doing  this,  it  is  not  enough 
to  tell  the  patient  in  general  terms  to  "  move  the  arm,"  and  so  on. 
We  should  test  each  joint  and  each  movement  separately,  fixing  the 
proximal  part  of  the  limb  and  instructing  the  patient  to  perform 
various  movements: — flexion,  extension,  rotation  inwards  and  out- 
wards, etc.,  separately  and  distinctly.  Thus,  for  example,  when  we 
direct  a  patient  to  pronate  his  forearm,  we  must  fix  the  humerus  and 
see  that  he  does  not  abduct  the  shoulder  to  make  up  for  deficiency  in 
pronation.  To  determine  whether  a  particular  muscle  is  taking  part 
in  a  movement  or  not  sometimes  requires  very  close  observation,  not 
only  by  inspection,  but  by  palpation  of  the  muscle  or  of  its  tendon. 
But,  as  Beevor  has  remarked,^  the  physician  "  must  avoid  the  error  of 

*  Oroonian  Lectures,  1904,  p.  4. 
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assuming  that  the  tightening  of  a  tendon  from  the  stretching  of  a  passive 
muscle  is  evidence  of  contraction  of  th^  muscle." 

Suppose  that  a  particular  movement  of  a  limb  is  deficient,  we 
estimate  the  deficiency  in  different  ways,  according  to  its  degree.  If 
the  weakness  is  slight,  we  detect  it  by  interposing  some  resistance, 
so  as  to  load  the  muscles.  This  is  accomplished  either  by  means  of 
weights,  or,  in  the  case  of  the  hand,  by  making  the  patient  squeeze 
our  hand  or  compress  an  oval  spring-dynamometer,  or,  in  the  case  of  the 
leg,  by  holding  the  limb  down  and  making  him  elevate  it  against 
resistance. 

If  the  weakness  is  more  marked,  it  can  be  detected  without  loading 
the  muscles.  The  weight  of  the  distal  part  of  the  limb  may  in  itself 
be  too  much  for  the  muscles  to  lift,  as,  for  example,  in  cases  of  drop- 
wrist  and  drop-foot,  due  to  weakness  of  the  extensors  of  the  wrist  and 
dorsiflexors  of  the  foot.  But  even  in  these  a  minimal  degree  of  volun- 
tary contraction  may  perhaps  still  be  present,  and  can  still  be  de- 
tected by  placing  the  limb  passively  in  such  a  posture  that  its  own 
weight  is  no  longer  a  factor,  e.g.  by  testing  the  extensors  of  the  wrist 
with  the  forearm  midway  between  pronation  and  supination,  or 
testing  the  movements  of  the  elbow  by  passively  abducting  the  upper 
arm  and  getting  the  patient  to  flex  and  extend  his  elbow  in  a  horizontal 
plane.  Or  we  may  even  observe  the  limb  when  it  is  supported  on  all 
sides  by  water,  as  in  a  warm  bath.  In  this  way  we  may  detect  minimal 
movements.  And  in  such  cases  we  watch  carefully,  not  only  for 
movement  of  the  joint,  but  for  contraction  of  the  tendons  of  the 
muscles  concerned.  These  latter  may  sometimes  be  felt  to  contract, 
when  they  are  too  feeble  to  overcome  the  inertia  of  the  joint. 

By  inspection  and  palpation  we  also  note  whether  in  the  affected 
limb  the  muscles  are  normal  in  volume  and  firmness,  whether  some 
are  enlarged  and  stronger  than  usual — hypertrophy — or  whether  some 
are  diminished  in  size — atrophy,  so  that  there  is  flattening,  or  even 
hollowing,  in  place  of  the  normal  muscular  contour.  In  some  cases 
an  apparent  increase  in  volume  is  accompanied  by^ weakness  of  the 
enlarged  muscles — so-called  pseudo-hypertrophy. 

If  a  muscle  be  atrophied,  its  electrical  reactions,  both  to  faradic 
shocks  and  to  the  continuous  galvanic  current,  should  be  investigated. 
The  reactions'may  be  normal,  or  they  may  be  merely  quantitatively 
diminished.  Or  they  may  be  qualitatively  altered,'as  in  the ' '  reactions 
of  degeneration"  (see  later,  p.  410).  Or  they  "may  be  "mixed," 
when  some  fibres  of  the  muscle  are  normal,  whilst  others  intermingled 
with  them  are  degenerated. 

Reaction  of  a  muscle  to  direct  percussion  is  sometimes  of  value. 
This  phenomenon  consists  in  a  contraction  of  the  whole  bundle  of 
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muscle-fibres  in  their  entire  length.  Respon3e  to  direct  mechanical 
excitation  often  persists  when  the  deep  reflexes  are  lost;  thus,  for 
example,  when  the  knee-jerk  is  absent  in  tabes  or  peripheral  neuritis, 
the  quadriceps  still  responds  to  direct  tapping.  In  most  cases  of 
lower  motor  neurone  lesion  this  mechanical  irritability  of  the  muscle- 
fibres  is  increased,  but  the  contraction  is  more  flickering  than  in  a 
healthy  muscle.  In  muscular  dystrophy  the  mechanical  irritability 
is  lost  in  the  affected  muscles. 

In  certain  patients,  especially  on  percussing  the  pectorals  or  other 
flat  muscles  of  the  chest,  we  may  observe  a  wave  of  contraction 
dashing  outwards  suddenly  in  both  directions  from  the  point  of 
percussion  along  the  course  of  the  muscular  fibres,  and  immediately 
followed  by  a  temporary  small  muscular  swelling  at  the  point  of 
percussion,  probably  due  to  contraction  of  the  undifferentiated 
sarcoplasm.  This  phenomenon  is  called  myoidema ;  it  is  common  in  pul- 
monary tuberculosis,  but  occurs  also  in  many  other  wasting  conditions 
not  associated  with  muscular  paralysis,  and  need  not  detain  us  further. 

The  term  paralysis,  when  applied  to  voluntary  muscles,  signifies 
loss  of  the  power  of  voluntary  contraction,  due  to  interruption,  func- 
tional or  organic,  in  any  part  of  the  motor  path,  from  the  cerebral 
cortex  down  to  and  including  the  muscle-fibre.  This  latter  part  of  the 
definition  is  necessary  so  as  to  exclude  such  cases  as  ankylosed  joints, 
in  which  movement  is  impossible  from  mechanical  reasons  without  true 
paralysis.  Strictly  speaking,  paralysis  is  total  loss  of  voluntary  motor 
power,  lesser  degrees  of  impairment  being  called  paresis.  But  we 
often  employ  the  term  paralysis  to  include  partial  as  well  as  complete 
loss  of  power. 

The  distribution  of  motor  weakness  differs  according  to  the  site 
of  the  lesion  of  the  motor  path.  Thus  in  a  unilateral  brain  lesion  there 
is  usually  paralysis  of  one  side  of  the  body,  including  the  face,  trunk 
and  limbs.  This  is  termed  hemiplegia.  A  bilateral  cerebral  lesion 
produces  diplegia  or  double  hemiplegia,  the  limbs  on  both  sides  of  the 
body  being  affected.  Paralysis  of  a  single  limb  resulting  from  a 
cerebral  lesion  is  termed  cerebral  monoplegia.  Spinal  or  peripheral 
monoplegia  is  less  common. 

Paralysis  of  the  limbs  resulting  from  a  lesion  of  the  spinal  cord  is 
most  commonly  bilateral — paraplegia — and  usually  affects  the  legs 
alone ;  but  if  the  lesion  be  in  the  cervical  region,  it  affects  both  arms 
and  legs.  It  must  be  distinguished  from  a  cerebral  diplegia,  in  which 
the  face  is  sometimes  also  affected.  In  rare  cases  both  arms  may  be 
paralysed  from  a  spinal  lesion,  with  little  or  no  affection  of  the  legs; 
this  is  brachial  paraplegia.  A  unilateral  spinal  lesion  may  also  cause  a 
monoplegia,  but  this  is  uncommon.    The  term  crossed  or  alternale 
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hemiplegia  means  that  as  a  result  of  a  single  lesion  there  is  paralysis 
of  some  parts  on  the  right  side  and  of  others  on  the  left.  For  example, 
a  lesion  in  the  right  side  of  the  pons  at  the  level  of  the  facial  nerve  will 
cause  paralysis  of  the  right  side  of  the  face  and  of  the  left  arm  and 
leg.     There  are,  of  course,  other  varieties  of  crossed  paralysis. 

When  paralysis  is  due  to  a  lesion  of  a  peripheral  nerve,  it  may 
either  be  asynmaetrical,  when  the  motor  weakness  is  limited  to  one  or 
more  nerve-trunks,  as  in  most  traumatic  nerve-palsies,  or  more 
commonly  bilateral  and  symmetrical,  as  in  the  various  forms  of  toxic 
neuritis,  affecting  either  the  upper  or  lower  or  all  four  limbs. 

If  paralysis  be  due  to  primary  affection  of  the  muscles  themselves, 
as  in  the  myopathies,  its  distribution  is  usually  bilateral,  and  it  affects 
all  four  limbs  and  sometimes  even  the  face. 

We  must  remember  that  it  is  not  uncommon  to  meet  with 
multiple  lesions  in  a  single  case;  yet,  in  diagnosis,  it  should  always 
be  our  endeavour  to  try  to  account  for  all  the  symptoms  by  a  single 
lesion. 

Suppose,  then,  that  a  patient  is  suffering  from  motor  paralysis 
(mechanical  impediments  having  been  excluded),  the  first  question 
is — Is  the  ^a,TSk[ysis  functional  or  organic  ?  If  it  is  organic,  we  proceed 
to  the  further  questions — Where  is  the  lesion  situated  ?  (anatomical 
diagnosis),  and  what  is  its  nature  ?    (pathological  diagnosis). 

Is  the  Paralysis  Functional  or  Organic  ? — Sometimes  the  distinction 
between  functional  and  organic  motor  paralysis  is  easy;  at  other 
times  it  is  a  matter  of  considerable  difficulty.  Thus  cases  of  early 
disseminated  sclerosis  are  particularly  liable  to  be  mistaken  for  hysteria. 
Moreover,  it  is  possible  to  have  a  combination  of  functional  and 
organic  disease  in  the  same  patient. 

More  detailed  consideration  of  the  diagnostic  features  of  hysteria 
will  be  postponed  till  a  later  chapter  (see  p.  366),  and  we  shall  only 
here  refer  to  some  of  the  main  features  which  enable  us  to  decide  that 
a  case  is  organic  rather  than  functional.  Firstly,  the  history  of  the 
case  often  guides  us;  for  instance,  functional  paralysis  frequently 
follows  an  emotional  shock  or  a  prolonged  mental  strain,  whereas 
traumatism,  as  in  railway  accidents,  is  equally  liable  to  cause  functional 
or  organic  disease. 

There  are  two  classes  of  signs  and  symptoms  which  point  to 
functional  rather  than  to  organic  disease— firstly,  the  absence  of 
characteristic  signs  of  organic  disease,  and  secondly,  the  presence 
of  certain  phenomena  peculiar  to  functional  disease.  Muscular 
atrophy,  while  much  less  frequent  in  functional  than  in  organic  palsies, 
is  not  pathognomonic  of  organic  disease.  Thus  Fig.  216  (p.  387)  shows 
a  case  of   hysterical  monoplegia  with  extensive  muscular  atrophy, 
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a  rare  combination.  But  the  electrical  reactions  of  degeneration  are 
never  obtained  in  functional  paralysis.  Their  presence  signifies  un- 
doubted organic  disease  somewhere  in  the  spino-muscular  neurone. 
Paralysis  of  a  single  muscle  is  pathognomonic  of  organic  disease;  it 
never  occurs  in  functional  paralysis,  which  affects  whole  muscle-groups 
or,  to  speak  more  accurately,  whole  movements.  To  sum  up,  then, 
the  diagnosis  between  functional  and  organic  paralysis  is  easy  if  the 
organic  palsy  is  of  the  lower  motor  neurone  type.  It  is  chiefly  when 
the  organic  lesion  is  in  the  upper  or  cortico-spinal  neurone  that  diffi- 
culty is  liable  to  occur,  i.e.  in  cases  in  which  there  is  little  or  no  muscular 
atrophy,  and  where  the  electrical  reactions  are  normal.  In  such  cases 
the  presence  or  absence  of  other  hysterical  phenomena  is  of  great 
value. 

A  valuable  sign  of  organic  as  contrasted  with  hysterical  hemi- 
plegia is  Babinski's  cmnbined  flexion  of  the  hif  and  trunk,  a  phenomenon 
almost  invariably  present  in  organic  cases.  To  elicit  this  the  patient 
lies  flat  on  his  back  on  a  smooth  hard  surface,  such  as  a  table  or  the  floor, 
with  his  arms  crossed  in  front  of  his  chest  and  the  legs  not  allowed 
to  touch  each  other.  We  then  ask  him  to  sit  up  without  using  his 
arms  (see  Fig.  93).  As  he  does  so,  the  organically  paralysed  lower 
limb  becomes  flexed  at  the  hip  and  the  heel  is  raised  from  the  surface. 
The  toes  of  the  hemiplegic  foot  becomes  spread  out  in  fan-like  fashion. 
Meanwhile  the  shoulder  on  the  healthy  side  is  carried  forwards,  as  if 
to  counterpoise  the  contra-lateral  lower  limb.  In  hysterical  hemiplegia 
this  sign  is  absent,  and  the  hysterically  paralysed  limb  remains  unraised. 
Another  useful  test  to  distinguish  between  organic  and  functional 
paralysis  is  the  phenomenon  of  Grasset  and  Gaussel,^  which  is  also 
confined  to  organic  cases.  This  consists  in  inability  on  the  part  of  the 
organically  hemiplegic  patient  to  raise  holh  lower  limbs  simultaneously 
from  the  surface  when  lying  down  as  before,  although  he  is  still  able 
to  lift  either  lower  limb  separately.  The  reason  for  this  peculiarity  is 
that  in  organic  hemiplegia  the  patient,  when  he  tries  to  lift  both  lower 
limbs  at  once,  is  unable  to  fix  the  pelvis.  In  testing  for  this  sign,  we 
must  be  careful  to  see  that  the  two  legs  do  not  touch  each  other,  since 
the  patient  often  tends  involuntarily  to  help  up  the  paralysed  limb 
by  means  of  the  sound  one.  Of  course,  the  sign  is  only  present  in  cases 
of  incomplete  hemiplegia.  Another  way  of  showing  the  same  pheno- 
menon is  to  direct  the  patient  to  raise  the  lower  limb  of  the  paralysed 
side  and  hold  it  in  the  air.  If  we  now  grasp  the  somid  leg  and  raise 
it  up,  the  other  limb  at  once  falls  down  again,  because  the  pelvis  cannot 
be  steadied  by  the  muscles  on  the  paralysed  side.  On  the  other  hand, 
if  the  patient  first  raises  the  sound  leg  and  we  then  passively  lift  the 

1  Revue  tieurologique,  190o,  p.  881. 
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paralysed  one,  the  sound  limb  still  remains  in  the  air,  the  pelvis  re- 
maining fixed  by  the  non-paralysed  muscles  of  the  healthy  side.  In 
hysteria  there  is  no  such  difference  between  the  separate  and  the 
simultaneous  raising  of  the  legs. 

In  some  cases  of  spastic  paraplegia  the  rigidity  of  the  lower  limbs 
is  of  diagnostic  value.  Thus  when  we  passively  lift  one  lower  limb 
off  the  bed  and  find  that  the  other  lower  limb  is  thereby  lifted  up  as 
well,  we  may  be  practically  certain  that  the  rigidity  and  paralysis  are 
organic  and  not  functional. 

A  careful  study  of  the  reflexes  is  also  of  the  utmost  importance. 
The  presence  of  an  extensor  plantar  reflex  in  a  patient  beyond  the 
age  of  infancy  is  pathognomonic  of  organic  disease  (see  later,  p.  316). 
The  deep  reflexes,  although  they  may  be  exaggerated  both  in  functional 


Fia    93  —Case  of  left  hemiplegia,  showing  phenomenon  of  combined  flexion  oj  hip  and 
trunk  on  attempting  to  sit  up  without  using  arms.     (Photo  by  D.  HUdred  CarliU. ) 

and  in  organic  paralysis,  are  usually  normal  in  functional  cases.  True 
ankle-clonus  of  organic  disease  is  generally  readily  distinguished  from 
the  "  pseudo-clonus "  of  functional  disease.  Absence  of  the  deep 
reflexes  may  occur  in  organic,  never  in  functional  disease. 

Incontinence  of  the  bladder  and  rectum  is  not  uncommon  in  organic 
diseases  of  the  spinal  cord  and  brain,  but  practicaUy  never  occurs  in 
functional  paraplegia. 

Where  is  the  Organic  Lesion?— Suppose  we  have  come  to  the 
conclusion  that  the  patient's  motor  paralysis  is  organic  in  type,  we 
have  to  ask  ourselves  at  what  point  in  the  motor  path  the  lesion 
is  situated.  First,  we  must  decide  whether  the  lesion  is  in  the 
upper  (cortico-spinal),  or  in  the  lower  (nucleo-^uscular)  motor 
neurone.  The  distinctive  characters  of  these  two  types  are  as 
follows : — 
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ORGANIC  MOTOR  PARALYSIS. 

Upper  (cortico-spinal)  Neurone.         Lower  (spino-muscular)   Neurone. 
Supra-Nuclear  Paralysis.  Nuclear    and    Infra  -  Nuclear 

Paralysis. 

1.  Diffuse       muscle  -  groups       affected,        1.  Individual  muscles  may  be  affected. 

never  individual  muscles. 

2.  Spasticity  and  hyper-tonicity  of  para-        2.  Flaccidity    and    atonicity    of    para- 

lysed muscles.  lysed  muscles. 

3.  May    have    superadded    "associated       3.  No  " associated  movements." 

movements"    (synkinesiae)    on   at- 
tempted voluntary  movement. 

4.  No   muscular  atrophy,   except  from       4.  Atrophy  of  paralysed  muscles. 

disuse. 

5.  Electrical  reactions  normal.  5.  Reactions  of  degeneration. 

6.  Deep  reflexes  in  paralysed  limbs  pres-        6.  Deep   reflexes   of   paralysed   muscles 

ent,  and  usually  increased.  diminished,  and  often  absent. 

7.  If  foot  affected,  plantar  reflex  extensor       7.  Plantar  reflex,  if  present,  is  of  normal 

in  type.  flexor  type  (unless  flexors  of  toes 

are  themselves  paralysed). 

Let  US  consider  some  of  these  points  more  in  detail.  Paralysis 
due  to  an  upper  neurone  lesion  never  ajREects  an  individual  muscle, 
but  always  a  diffuse  muscular  group.  The  converse,  however,  is  not 
true,  and  we  must  remember  that  even  a  lower  neurone  lesion  may 
produce  a  diffuse  paralysis,  where  a  series  of  adjacent  nerves  or  nuclei 
are  affected.  But  if  individual  muscles  are  picked  out  by  paralysis, 
the  adjoining  or  intermingled  muscles  being  perfectly  normal,  the 
cause  is  certainly  a  nuclear  or  infra-nuclear  lesion. 

Paralysis  from  a  cortico-spinal  lesion  is  rarely  permanently  com- 
plete. It  is  more  often  a  paresis  than  an  absolute  paralysis.  In  this 
respect  it  differs  from  the  total  palsy  of  a  spino-muscular  lesion. 

Spasticity  of  the  paralysed  muscles  in  supra-nuclear  lesions  does 
not  set  in  immediately  after  the  onset  of  a  sudden  lesion,  but  usually 
develops  gradually  in  the  course  of  from  one  to  three  months.  Thus  in 
a  typical  supra-nuclear  lesion,  as,  for  example,  in  apoplexy,  there  is 
an  initial  period  of  flaccidity,  gradually  replaced  by  the  so-called 
"  late  rigidity."  The  degree  of  this  spasticity  varies  in  different  cases. 
We  estimate  it  by  moving  the  patient's  joints  passively,  and  comparing 
their  resistance  with  that  of  a  healthy  limb.  . 

Patients  with  motor  paresis  due  to  cortico-spinal  lesions  not  un- 
commonly show  superadded  "  associated  movements  "  or  synkinesiae 
on  attempting  to  execute  a  voluntary  movement  with  the  paresed  limb 
(see  p.  87).  These  associated  movements  are  probably  carried  out  by 
means  of  the  extra-pyramidal  and  strio-spinal  motor  system  (p.  12). 
Thus,  for  example,  if  the  patient  tries  to  draw  up  liis  hemiplegic  leg, 
he  cannot  do  so  without  at  the  same  time  dorsiflexing  the  ankle  in- 
voluntarily. This  is  the  so-called  "  tibialis  jjhenomenon  "  of  Striimpell. 
Similarly  in  the  upper  limb  we  may  note  an  analogous  "  pronation 
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phenomenon,"  consisting  of  an  involuntary  pronation  on  attempting 
to  flex  the  elbow.  This  can  also  be  demonstrated  by  telling  the 
patient  to  relax  both  upper  limbs  completely,  so  that  they  become 
flaccid  and  inert.  The  two  forearms  are  then  supported,  palms 
upwards,  on  the  observer's  hands,  and  are  tossed  upwards  several 
times  in  succession.  In  organic  hemiplegia  the  paralysed  hand  turns 
whilst  in  the  air,  so  as  to  face  inwards  and  downwards,  whereas  the 
normal  hand  falls  in  its  original  supinated  position.  This  is  sometimes 
a  useful  sign  in  the  diagnosis  between  hysterical  and  organic 
hemiplegia.^ 

Some  cases  of  organic  hemiparesis  are  associated  with  tonic  innervation 
of  the  paresed  limbs.^  This  phenomenon  is  usually  best  marked  in  the 
upper  limb.  It  is  shown  by  an  inability  to  relax  the  muscles  after  a 
voluntary  movement,  exactly  similar  to  the  tonic  spasm  of  myotonia 
congenita  (see  p.  245).  The  phenomenon  of  tonic  innervation  disappears 
if  the  paralysis  becomes  more  profound  and  does  not  occur  in  complete 
hemiplegia:  it  apparently  demands  a  relative  integrity  of  the  cortico- 
spinal motor  path. 

With  an  upper  neurone  lesion,  in  the  vast  majority  of  cases  the 
muscles  of  the  paralysed  limb  undergo  no  appreciable  atrophy,  save 
perhaps  to  a  very  slight  degree  from  disuse.  But  there  are  occasional 
exceptions  to  this  rule,  as  in  some  cases  of  hemiplegia  which  are 
associated  with  muscular  atrophy,  chiefly  in  the  region  of  the  shoulder 
or  in  the  intrinsic  muscles  of  the  hand.  Such  atrophies  are  often  (but 
not  always)  secondary  to  arthritic  changes  in  the  joints.  But  however 
intense  the  amyotrophy  of  hemiplegia  may  be,  the  electrical  reactions 
of  degeneration  are  never  present.  Degenerative  reactions  (commonly 
referred  to  as  "  R.D.")  are  pathognomonic  of  a  nuclear  or  infra-nuclear 
lesion.  Not  that  R.D.  are  necessarily  present  in  every  lower  neurone 
lesion,  for  a  slight  lesion  of  a  nerve-trunk  may  produce  muscular 
palsy  without  R.D.,  and  in  many  nuclear  lesions,  for  example  in 
progressive  muscular  atrophy,  the  reactions  in  the  affected  muscles 
are  mixed,  owing  to  the  fact  that  degenerated  and  healthy  muscle-fibres 
are  intermingled  in  the  same  muscle,  the  former  giving  R.D.,  the  latter 
being  normal  in  reaction.  Again,  in  the  motor  weakness  occurring  in  the 
different  varieties  of  myopathy,  there  is  simple  diminution  both  to 
faradism  and  galvanism,  but  no  true  R.D.,  even  in  the  most  advanced 
cages.  The  reflexes  in  upper  and  lower  neurone  lesions  will  be  dealt 
with  more  fully  in  a  later  chapter  (p.  31 2). 

With  reference  to  the  differential  diagnosis  between  an  upper 
and  a  lower  neurone  lesion,  it  will  be  observed  that  no  single  sign  of 
the  six  we  have  mentioned  is  pathognomonic,  yet  the  sum  of  the 

1  Bahinslii, SemainemMicale,  K09,  xxix.  3. 

2  Wilfon  and  Walshe,  I'rair,  U  14,  \cl.  yxatvu.,  p-  lii^- 
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various  points  usually  enables  us  without  difl&culty  to  settle  with 
which  of  the  two  neurones  we  have  to  deal.  Sometimes  there  is  a 
combined  lesion  of  upper  and  lower  neurones,  as  in  a  transverse 
myelitis  or  a  myelomalacia.  Here  the  phenomena  at  the  level  of  the 
lesion  will  be  of  a  flaccid,  lower  neurone  type,  due  to  destruction  of 
the  anterior  cornua  and  anterior  roots,  whilst  below  that  level  there  is 
a  spastic  paraplegia  of  cortico-spinal  type,  from  interruption  of  the 
pyramidal  tracts. 

Motor  Palsies  of  Upper  Neurone  Tsrpe. — The  signs  and  symptoms 
vary  according  to  the  level  at  which  the  cortico-spinal  tract  is  damaged. 
The  following  are  the  chief  sites  at  which  a  lesion  may  occur,  and  the 
diagnostic  signs  corresponding  to  each  (see  Fig.  6,  p.  6). 

A  cortical  lesion  in  the  pre-central  convolution  is  often  localised 
to  a  single  limb,  and  is  more  likely  to  produce  a  monoplegia  than  a 
hemiplegia,  since  only  a  very  extensive  cortical  lesion  would  produce 
a  complete  hemiplegia,  affecting  face,  arm  and  leg.  What  we  usually 
find  is  either  a  pure  monoplegia — crural,  brachial,  or  facio-lingual,  or, 
if  the  lesion  be  somewhat  larger,  an  associated  monoplegia — brachio- 
crural,  or  facio-brachial.  Cortical  motor  paralysis  is  commonly 
associated  with  local  epileptiform  attacks  of  the  paralysed  limb,  be- 
cause disease  may  irritate  the  cortex  in  addition  to  paralysing  it.  The 
monoplegic  limb  frequently  shows  a  cortical  type  of  anaesthesia,  which, 
as  we  have  already  seen,  is  slight  in  degree,  more  marked  at  the 
periphery  of  the  limb,  and  often  transient  in  character. 

A  strictly  localised  subcortical  lesion  is  often  indistinguishable  from 
a  cortical  one,  save  by  the  absence  of  irritative  epileptiform  pheno- 
mena; and  in  many  cases  the  lesion  is  both  cortical  and  subcortical. 

A  lesion  in  the  motor  path  at  the  level  of  the  internal  capsule, 
inasmuch  as  all  the  pyramidal  fibres  have  by  this  time  converged  to 
form  a  compact  strand, produces  no  longer  a  monoplegia,  but  a  complete 
hemiplegia,  affecting  face,  arm  and  leg.  There  are  no  Jacksonian 
convulsions  as  in  a  cortical  lesion.  If  the  capsular  lesion  extends 
backwards  from  the  motor  into  the  sensory  tract,  or  into  the  optic 
thalamus,  there  may  be  a  coexistent  hemi-anaesthesia,  but  this  is  not 
common. 

A  thalamic  lesion  is  sometimes  associated  with  hemi-athetosis  of  the 
hemiplegic  side;  this  athetosis  does  not  appear  immediately  after  the 
attack  of  apoplexy,  but  develops  gradually  in  the  course  of  many 
weeks.  A  still  more  extensive  lesion,  extending  backwards  along  the 
capsule  from  the  motor-tract,  through  the  sensory  path  and  into  the 
optic  radiations,  will  cause  hemiplegia,  hemianeesthesia  and  hemianopia. 

In  rare  cases  we  may  have  an  ipso-lateral  hemiplegia  in  which,  for 
example,  a  lesion  of  the  left  cerebral  hemisphere,  e.g.  a  tumour,  abscess, 
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or  haemorrhage,  produces  a  left-sided  hemiplegia.  Some  of  these 
cases,  according  to  Marie,  are  due  to  congenital  non-decussation  of  the 
pyramids ;  this  must  be  very  rare.  More  often  the  symptoms  are  due 
to  compression  of  the  opposite  cerebral  hemisphere.  Owing  to  the 
anatomical  configuration  of  the  falx  cerebri,  which  normally  tends  to 
prevent  any  gross  lateral  displacement  of  the  hemispheres,  the  maxi- 
mum pressure  exercised  by  the  original  lesion  (which  may  be  in  the 
frontal,  temporal,  parietal,  or  any  part  of  the  hemisphere,  "  silent" 
or  otherwise)  falls  mainly  upon  the  region  of  the  opposite  internal 
capsule  and  central  nuclei.     Later  still,  the  opposite  cerebral  cortex 


#. 


Fio.  94.— Lesion  of  lejt  crus  cerebri— "Weber's  syndrome."  Patient  is 
looking  upwards  and  attempting  to  show  the  teeth  on  both  sides. 
There  is  dilatation  of  the  lejt  pupil,  and  paralysis  of  the  hjt  superior 
rectus,  together  with  hemiplegia  of  the  right  face,  arm  and  leg. 

becomes  compressed  against  the  cranial  vault }  From  the  surgical  point 
of  view,  we  must  also  bear  in  mind  the  occasional  occurrence  of  an 
ipso-lateral  hemiplegia  when  a  blow  on  one  side  of  the  head,  say  the 
left,  is  followed  by  a  left-sided  hemiplegia.  Such  cases  are  generally 
due  to  injury  of  the  opposite  {i.e.  the  right)  hemisphere  by  "  contre- 

coup."  f   U-J 

A  lesion  in  the  crus  cerebri  is  recognised  by  the  coexistence  of  third 
nerve  palsy  on  one  side,  with  hemiplegia  of  the  opposite  face,  arm  and 
leg,  usually  most  marked  in  the  face.      This  variety  of  alternate 
paralysis  is  known  as  Weher's  syndrome  (see  Fig.  94).    The  third  nerve 
1  Demole,  Revue  neurologique,  1918,  p.  100. 
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palsy  is  often  incomplete.  When  the  lesion  extends  into  the  tegmen- 
um  and  implicates  the  neighbourhood  of  the  red  nucleus,  it  may 
produce  a  unilateral  tremor  or  a  hemiataxy  of  the  hemiplegic  side, 
combined,  as  before,  with  a  third  nerve  affection  on  the  side  of  the  brain 
lesion;  this  combination  is  known  as  Benedikt's  syndrome.  If  the 
lesion  extends  outwards  so  as  to  implicate  the  optic  tract  as  it  winds 
round  the  outer  side  of  the  crus,  there  may  be  superadded  a 
hemianopia. 

As  we  come  downwards  along  the  pyramidal  tract  into  the  pons 
and  medulla,  the  type  of  hemiplegia  changes;  there  is  no  longer  third 
nerve  palsy,  but  on  reaching  the  level  of  the  facial  nerve,  another 
variety  of  alternate  hemiplegia  appears.  This  consists  of  facial  palsy, 
peripheral  in  type,  on  the  side  of  the  lesion,  together  with  hemiplegia 
of  the  arm  and  leg  on  the  opposite  side,  the  so-called  Millard-Gubler 
syndrome.  Other  cranial  nerves  on  the  side  of  the  pontine  or  bulbar 
lesion,  for  example,  the  trigeminal,  the  sixth,  or  the  hypoglossal,  may 
be  affected  together  with  the  pyramidal  tract.  Paralysis  of  these, 
as  in  the  Millard-Gubler  syndrome,  may  coexist  with  hemiplegia  of 
the  opposite  arm  and  leg,  but  such  cases  are  rare.  As  they  descend 
through  the  medulla  the  pyramidal  tracts  of  opposite  sides  converge, 
and  eventually  lie  so  close  together  that  at  this  level  a  strictly  unilateral 
lesion  seldom  occurs,  there  being,  as  a  rule,  damage  to  both  pyramidal 
tracts,  affecting  the  limbs  of  both  sides,  though  perhaps  in  unequal 
degree.  And  together  with  this,  there  are  "bulbar"  symptoms — 
disorders  of  articulation,  phonation,  or  deglutition,  from  implication 
of  the  tenth,  eleventh  and  twelfth  cranial  nerves  or  nuclei. 

The  diagnosis  of  motor  paralysis  due  to  lesions  of  the  pyramidal 
tract  within  the  spinal  cord  depends  on  the  level  of  the  lesion.  The 
two  pyramidal  tracts  decussate  at  the  lower  end  of  the  medulla 
oblongata,  so  that  a  unilateral  lesion  of  the  spinal  cord  produces  an 
ipso-lateral  instead  of  a  contra-lateral  motor  paralysis.  If  the  lesion 
be  in  the  cervical  region,  the  arm  and  leg  on  the  corresponding  side  will 
be  affected ;  but  if  it  be  situated  below  the  cervical  enlargement,  the 
leg  on  the  side  of  the  lesion  suffers  alone.  A  primary  unilateral  lesion 
of  the  cord  generally  interrupts  not  only  motor,  but  sensory  paths, 
and  produces  the  well-known  Brown- Sequard  paralysis,  to  which 
reference  has  already  been  made. 

Bilateral  motor  paralysis  of  upper  neurone  type  is  duo  to  bilateral 
lesions,  which  may  be  situated  either  in  the  brain  or  in  the  spinal  cord. 
When  both  pyramidal  tracts  are  affected  within  the  brain  (and  the 
commonest  cause  is  a  double  focus  of  softening  in  the  region  of  the 
posterior  part  of  the  lenticular  nucleus,  although  less  commonly  the 
lesions  are  cortical  or  subcortical)  a  double  hemiplegia  is  the  result.     In 
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these  cases  of  double  hemiplegia  or  diplegia  there  are,  besides  the  signs 
of  hemiplegia  on  both  sides  (frequently  unequal  in  degree),  what  are 
known  as  "  pseudo-bulbar  "  phenomena.  In  pseudo-bulbar  paralysis, 
the  symptoms  of  which  we  have  already  studied  (p.  Ill),  it  is  uncom- 
mon for  the  two  attacks  of  hemiplegia  to  occur  simultaneously  on  the 
two  sides;  they  more  usually  occur  successively,  and  it  is  only  after  the 
hemiplegia  has  become  bilateral  that  the  pseudo-bulbar  symptoms 
appear.  Such  patients  are  generally  excessively  emotional,  tending  on 
slight  provocation  to  laugh  or,  more  frequently,  to  weep  with  a 
peculiar  "spastic"  wail,  and  an  unnatural  slowness  of  expressional 
movement. 

Bilateral  pyramidal  lesions  within  the  spinal  cord  produce  para- 
plegia, affecting  all  four  limbs  if  the  lesion  be  above  the  cervical 
enlargement,  but  affecting  the  lower  limbs  alone  if  the  lesion  be  below 
the  cervical  region ;  it  is  commonly  of  the  ordinary  spastic  type,  with 
increased  deep  reflexes.  If  the  sensory  tracts  be  interrupted  by  the 
same  lesion  as  that  which  has  affected  the  motor  tracts,  we  have 
superadded  an  anaesthesia  the  upper  limit  of  which  corresponds  to  that 
of  the  highest  affected  segment.  Such  bilateral,  combined,  sensory  and 
motor  paralysis  is  usually  accompanied  by  loss  of  control  of  the 
sphincters.  (So  long  as  a  spinal  cord  lesion  remains  unilateral,  we 
do  not,  as  a  rule,  have  sphincter  trouble.)  If  the  cord  lesion  be 
sufficiently  extensive  to  implicate  the  anterior  comua,  there  will  be 
muscular  atrophy,  localised  to  the  segment  affected,  i.e.  at  the  upper 
boundary  of  the  spastic  paraplegia.  But  it  is  important  to  remember 
that  if  the  lesion  of  the  cord  be  one  which  completely  divides  it  {e.g.  a 
stab  or  bullet-wound),  so  that  there  is  no  connection  between  the 
cord-segments  above  and  below  the  lesion,  the  paraplegia  is  then 
flaccid  in  type  and  the  deep  reflexes,  at  first,  are  absent  in  the  paralysed 
limbs.  The  plantar  reflexes  during  the  initial  stage  are  of  flexor  type. 
If  the  patient  survives,  they  may,  after  a  few  weeks,  assume  the 
extensor  type.  Vasomotor  paralysis  in  the  paraplegic  limbs  may 
cause  the  feet  to  be  abnormally  hot  to  the  touch. 

The  differential  diagnosis  between  tumours  arising  within  the  spinal 
cord  and  those  growing  from  without  is  sometimes  difficult.  In  extra- 
medullary  tumours,  arising  from  the  nerve-roots  or  meninges  on  the 
posterior  aspect  of  the  cord,  root-pains,  unilateral  or  bilateral,  usually 
precede  the  gradually  progressive  signs  of  a  transverse  lesion,  more 
or  less  complete,  of  the  cord.  In  intra-medullary  tumours,  root 
symptoms  are  absent,  and  trophic  changes  in  the  joints,  bones,  and 
skin  are  more  common  (see  p.  306,  Syringomyelia).  An  extra-medullary 
tumour  situated  laterally  sometimes  compresses  the  cord  so  as  to 
produce  an  incomplete  Brown- Sequard  syndrome. 
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Thus  in  one  of  my  own  cases,  in  which  an  endothelioma  was  removed 
from  the  first  thoracic  root  on  the  right  side,  the  patient,  in  addition  to 
root-pains  along  the  inner  border  of  the  right  upper  limb,  had  asym- 
metrical spastic  paraplegia,  more  marked  in  the  right  leg,  together  with 
impairment  of  thermal  and  pain  sense  in  the  left  leg  and  left  side  of  the 
trunk. 

But  if  the  extra-medullary  growth  starts  in  front  of  the  cord, 
root-pains  are  absent  or  late.  If  the  anterior  roots  be  involved, 
muscular  atrophy  of  root  distribution  is  a  valuable  focal  sign,  and 
owing  to  the  oblique  direction  of  the  nerve  roots,such  radicular  atrophy 
is  only  seen  above  the  level  of  the  pyramidal  symptoms.  In  cases  of 
intra-medullary  lesion,  on  the  other  hand,  in  which  muscular  atrophy 
is  due  to  destruction  of  anterior  cornua,  the  muscular  atrophy  corre- 
sponds in  level  to  the  maximum  point  of  the  lesion,  and  pyramidal 
symptoms  (notably  the  reflexes  of  spinal  automatism)  may  be  present 
above  the  level  of  the  muscular  atrophy.  Spontaneous  reflex  spasms 
of  the  lower  limbs  are  commoner  in  extra-medullary  than  in  intra- 
medullary growths.  Both  extra-  and  intra-medullary  growths  are 
often  associated  with  an  excess  of  globulin  in  the  cerebro-spinal  fluid 
and  with  xanthochromia  (see  p.  419). 

The  tendency  is  to  localise  a  spinal  tumour  below  its  actual  level. 
Sometimes  valuable  indications  are  provided  by  studying  the  vibration 
sense  of  the  vertebral  spines,  for  such  sensibility  is  often  lost  up  to  the 
upper  level  of  the  growth. 

Occasionally  a  diagnosis  of  extra-medullary  tumour  is  made, 
whereas  operation  or  autopsy  shows  the  condition  to  be  one,  not  of 
tumour,  but  of  circumscribed  subacute  or  chronic  lepto-meningitis. 
This  mistake  may  sometimes  be  avoided  by  studying  the  exact  dis- 
tribution of  the  initial  root-pain.  In  tumour  this  pain  is  localised 
to  a  single  root  at  the  start;  in  meningitis  the  pain  is  more  diffuse, 
affecting  a  considerable  number  of  root-areas. 

Often  the  lesion  is  not  horizontal,  but  higher  on  one  side  than  the 
other,  and  then  the  upper  limit  of  the  anaesthesia  will  be  correspond- 
ingly uneven  on  the  two  sides,  and  the  distribution  of  muscular  atrophy 
from  anterior  cornual  destruction  correspondingly  asymmetrical. 

Another  point  which  sometimes  helps  us  to  recognise  the  upper 
limit  of  a  spinal  cord  lesion  is  by  studying  the  skin- area  of  inhibition 
of  knee-  or  ankle-clonus  (see  p.  324).  To  observe  this,  we  first  ask  a 
skilled  assistant  to  elicit  the  clonus;  once  started,  this  is  sustained 
indefinitely,  so  long  as  the  requisite  tension  of  the  muscles  is  main- 
tained. Whilst  the  clonus  is  going  on,  we  now  energetically  stimulate 
the  skin  of  the  lower  limb  or  lower  part  of  the  trunk,  e.g.  by  pinching; 
the  clonus  at  once  becomes  arrested.  This  inhibition  only  occurs  on 
stimulation  of  the  skin-areas  below  the  upper  level  of  the  cord  lesion; 
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stimulation  of  the  skin-areas  above  the  level  of  the  lesion  produces  no 
inhibition  of  clonus. 

Occasionally  a  spinal  tumour  has  a  considerable  vertical  length, 
extending  through  several  segments  of  the  spinal  cord.  The  lower 
limit  of  such  a  growth  is  more  difficult  to  determine  than  its  upper 
boundary.  We  can  sometimes  obtain  valuable  information  by  a 
study  of  certain  reflexes  of  spinal  automatism,  which  are  often  present 
in  organic  pyramidal  lesions,  but  do  not  occur  in  hysterical  paralysis. 

These  are  analogous  to  phenomena  demonstrated  by  Sherrington^  in  the 
dog  whose  brain-stem  has  been  divided,  whether  in  the  upper  cervical 
region  (spinal  dog)  or  at  the  level  of  the  mid-brain  (decerebrate  dog),  and 
described  by  him  as  the  flexion- reflex,  crossed  extension  reflex,  "  mark- 
time  "  reflex,  etc. 

In  the  human  subject  with  organic  pyramidal  disease,  e.g.  in  spinal 
cord  lesions,  the  most  constant  reflex  of  spinal  automatism  is  a  move- 
ment of  flexion  or  shortening  of  the  lower  limb  at  all  joints,  including 
flexion  of  the  hip  and  knee,  with  dorsiflexion  of  the  ankle  and  toes, 
especially  the  hallux  :  phenomcne  des  raccourcisseurs.  For  this 
phenomenon  Babinski^  proposed  the  attractive  title  of  "  defensive 
reflex,"  but  as  StrohP  has  pointed  out,  Marie's'*  term  of  "reflex  of  spinal 
automatism ' '  is  preferable.  The  phenomenon  is  elicited  by  stimulating 
the  skin  of  the  lower  limb  or  lower  part  of  the  trunk  (by  pinching, 
pricking,  scratching,  localised  heat  or  cold,  faradism,  etc.)  and  also 
by  stimulation  of  deeper  structures  {e.g.  by  passive  flexion  of  the  toes, 
by  deep  painless  stroking  of  the  sole,  especially  along  its  outer  half, 
or  by  firm  lateral  compression  of  the  foot).  The  reflex  movement  of 
the  stimulated  limb  does  not  always  "  defend"  it  by  withdrawing  it 
from  the  stimulus;  on  the  contrary,  it  may  sometimes  bring  it  nearer 
{e.g.  when  the  stimulus  is  on  the  dorsum  of  the  foot  or  at  the  back  of 
the  calf).  The  extensor  plantar  reflex  of  pyramidal  disease  (see  p.  315)  is 
an  intregral  part  of  this  larger  flexion-reflex.  Sometimes  both  lower 
limbs,  and  not  merely  one,  become  flexed.  These  flexion  movements 
occur,  apparently  spontaneously,  in  the  well-known  "  flexor  spasms  " 
seen  in  certain  cases  of  paraplegia. 

In  cases  of  spastic  paralysis  with  extensor  rigidity,  in  addition  to 
flexion  of  the  lower  limb  thus  stimulated,  we  also  produce  a  simultaneous 
extension  of  the  opposite  lower  limb,  "phenomene  d'allongement  croise^' 
in  which  there  is  extension  of  the  hip  and  knee,  with  plantar  flexion  of 
the  ankle  and  toes.  This  phenomenon  may  also  occur  in  hemiplegia 
on  stimulating  the  sole  of  the  non-paralysed  f oot.^ 

1  Sherrington,  Journal  oj  Physiology,  1910,  x!.,  p.  23. 

2  Babinskiand  Jarkowski,  Eevue  neurologique,  1910,  p.  ooD. 

3  Strohl,  Presse  medicale,  March  11,  1914,  P-  195. 

*  Marie  and  Foix,  Semaine  medicale,  Oct.  22,  1913,  p.  wo. 
«  Walshe,  Brain,  1914,  vol.  xxxvii.,  pp.  269-336. 
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The  cutaneous  area  from  which  these  reflexes  of  spinal  automatism 
can  be  elicited  varies  in  extent  in  different  cases,  the  sole  of  the  foot 
being  the  most  constant  reflexogenous  area.  The  upper  level  of  the 
trunk,  up  to  which  they  can  be  evoked  by  cutaneous  stimulation, 
indicates  the  lower  level  of  the  lesion  which  is  compressing  the  cord. 
In  any  individual  case  the  skin  of  the  trunk  should  be  explored  on 
repeated  occasions,  both  from  above  downwards  and  from  below 
upwards,  noting  the  level  at  which  the  cutaneous  reflexes  of  spinal 
automatism  appear  or  disappear.  There  is  one  particular  fallacy 
which  we  must  be  careful  to  avoid,  viz.  that  a  stimulus  above  the  level 
in  question,  especially  if  it  be  a  painful  one,  may  produce  a  voluntary 
movement  of  the  upper  part  of  the  body,  which  by  dragging  on  the 
passive  lower  limbs  may  evoke  a  false  reflex,  thus  leading  us  to  locate 
the  lower  level  of  the  lesion  too  high  up. 

Intra-thecal  growths  have,  as  a  rule,  a  relatively  short  vertical 
extent,  and  they  rarely  compress  more  than  one  or  two  segments  of 
the  cord.  On  the  other  hand,  extra-thecal  growths,  by  the  time  they 
produce  compression  of  the  cord,  are  usually  of  considerable  length. 
This  maxim  also  applies  to  hypertrophic  pachymeningitis  and  to  the 
pachymeningitis  associated  with  spinal  caries.  Therefore,  in  a  case  of 
compression  paraplegia,  in  which  the  reflexes  of  spinal  automatism  are 
well  marked,  and  in  which  the  difference  in  level  is  considerable  between 
the  upper  limit  of  the  anaesthesia  and  that  of  the  cutaneous  reflexes  of 
spinal  automatism,  we  have  probably  to  deal  with  an  extra-thecal  tumour, 
or  with  a  pachymeningitis.  If,  on  the  other  hand,  the  two  levels  prac- 
tically coincide,  we  incline  to  diagnose  an  intra-thecal  growth. 

We  also  meet  with  cases  of  bilateral  spastic  paraplegia  without  any 
affection  of  sensation.  Such  cases  may  be  examples  of  slowly  pro- 
gressive primary  lateral  sclerosis,  a  rare  disease,  or  what  is  more  usual, 
of  amyotrophic  lateral  sclerosis,  in  which  the  signs  of  a  progressive 
muscular  atrophy  are  superadded  to  rigidity  of  the  lower  limbs  with 
increased  deep  reflexes.  A  pure  motor  paraplegia  is  more  frequently 
due  to  disseminated  sclerosis,  to  an  imperfectly  recovered  transverse 
myelitis,  or  to  some  other  vascular  lesion,  such  as  thrombosis  or 
haemorrhage,  at  a  stage  in  which  the  sensory  functions  have  become 
restored,  whereas  the  motor  tracts  remain  permanently  sclerosed. 
The  history  of  the  case  is  sufficient  to  distinguish  between  these  diseases. 
Syringomyelia,  when  it  affects  the  pyramidal  tracts,  may  also 
produce  a  spastic  type  of  paraplegia;  but  it  is  readily  recognised  by 
the  characteristic  dissociated  anaesthesia,  to  which  we  have  already 
referred  (p.  198),  and  by  the  frequent  coexistence  of  atrophic  changes 
in  the  bones,  joints  and  muscles,  and  muscular  atrophy  when  the 
anterior  cornua  are  implicated  in  the  gliomatous  process. 


CHAPTER  XIV 
ORGANIC  MOTOR  PARALYSIS  OF  LOWER  NEURONE  TYPE 

Motor  Palsies  of  Lower  Neurone  Type. — Here,  as  in  upper  neurone 
lesions,  the  signs  and  symptoms  differ  according  to  the  level  at  which 
the  spino-muscular  neurone  is  diseased.  The  most  important  diag- 
nostic fact,  for  localising  purposes,  is  the  presence  or  absence  of  sensory 
phenomena.  If,  in  a  lower  neurone  motor  palsy,  sensory  changes 
are  present,  we  have  to  do  with  a  lesion  of  a  mixed  nerve,  that  is,  of 
a  nerve  containing  sensory  as  well  as  motor  fibres.  If,  on  the  other 
hand,  sensory  changes  are  absent  throughout  the  course  of  the  disease, 
the  spino-muscular  neurone  is  probably  affected,  either  before  it  is 
joined  by  the  sensory  fibres  {i.e.  the  lesion  is  in  the  anterior  comu 
or  anterior  nerve-root),  or  after  it  has  parted  company  with  them 
{i.e.  the  lesion  is  in  a  purely  motor  nerve-branch  or  in  the  muscle 
itself). 

A  lesion  of  the  anterior  comu  within  the  cord  (as  of  its  homologue 
in  the  motor  nuclei  of  the  bulb)  is  unassociated  with  any  sensory 
paralysis,  and  therefore  produces  a  pure  motor  palsy  of  the  corre- 
sponding muscle  fibres.  A  lesion  of  the  anterior  nerve-root,  emerging 
from  the  anterior  comu,  produces  identical  signs,  and  is  often  indistin- 
guishable from  an  intra-spinal  nuclear  lesion.  In  nuclear  or  anterior 
root  lesions,  therefore,  we  find  pure  motor  palsy,  of  lower  neurone 
type,  unassociated  with  any  sensory  change.  The  commnnynti  rTnn-p^"° 
of  "iirhTHmri  nrr  rhrnnin  mitrrirrr  prrlifTmTnliti-i  (progressive  muscular 
"atrophy)  "and  certain  types  of  lead  paralysis.  A.cute  anterior  polio- 
myelitis  (infantile  paralysis  of  spinal  type)  m  the  early  days  or  weeks 
of  tEe^isease  is  frequently  associated  with  pain  and  tenderness  of  the 
limbs.  As  the  malady  subsides  into  the  chronic  stage,  the  pain  and 
tenderness  pass  off.  Landry's  paralysis  is  a  pure  motor  paralysis 
of  the  whole  spino-muscular  neurone,  to  which  we  shall  refer  presently. 
A  nuclear  or  anterior  root  lesion  is  further  characterised  by  the  "  root  " 
distribution  of  the  motor  paralysis,  so  that  in  this  respect  it  differs 
from  the  paralysis  due  to  a  lesion  of  a  peripheral  nerve  (see  Tables 
of  Eoot  Distribution,  p.  35).  Lesions  of  peripheral  mixed  nerves 
are  always  associated,  at  the  onset  at  least,  with  sensory  changes.  In 
the  case  of  lesions  of  peripheral  purely  motor  nerves  {e.g.  the  nerve  of 
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Bell  to  the  serratus  magnus),  the  distribution  of  the  motor  palsy  is 
totally  unlike  that  of  a  nuclear  or  anterior  root  lesion. 

To  distinguish  between  a  nuclear  and  an  anterior  root  lesion  is 
sometimes  difficult,  and  may  in  some  instances  be  impossible.  The 
coexistence  of  spastic  phenomena  corresponding  to  lower  parts  of 

the  cord  points  to  an  intra-spinal  lesion, 
and  indicates  a  coexisting  lesion  of  the 
adjacent  pyramidal  tract.  Total  escape  of 
the  pyramidal  tract,  on  the  other  hand, 
would  suggest  an  anterior  root  lesion, 
though  not  necessarily  so,  seeing  that  acute 
anterior  poliomyelitis  does  not  affect  the 
pyramidal  tract.  Another  point  which 
may  sometimes  help  us  is  the  subsequent 
course  of,  the  disease;  if  the  paralysed 
muscles  recover,  this  is  in  favour  of  an 
extra-medullary  anterior  root  lesion  rather 
than  an  affection  of  the  anterior  cornu, 
inasmuch  as  regeneration  of  nerve-fibres 
only  occurs  in  extra-spinal  lesions,  an 
intra-spinal  lesion  of  the  grey  matter  be- 
ing irreparable. 

A  pure  anterior  cornual  lesion,  with  its 
absence  of  cutaneous  anaesthesia,  can  only 
be  confounded  with  a  lesion  either  in  a 
purely  motor  nerve,  or  with  one  in  the 
muscle-fibres  themselves.  The  history  of 
Fig.  95.— Old  acute  anterior  ^he  onset  of  the  disease  is  of  great  im- 

polio-myelitis,  with  atrophy  i       •       i  -,•       ■^       • 

of  deltoid  and  biceps,  and  portance,  SO  also  IS  the  exact  distribution 

h£"Si  on  thTfeft  side  ^^'^  ^^  *^®  muscular  paralysis.    The  two  chief 
diseases  specially  affecting   the   anterior 
cornua  are  infantile  paralysis  and  progressive  muscular  atrophy. 

Acute  anterior  polio-myelitis,  or  infantile  spinal  paralysis  {Heine- 
Medin  disease),  is  an  acute  infective  disease  in  which  paralysis  is 
but  an  incidental  occurrence.  It  is  due  to  a  minute,  filterable  micro- 
organism which  may  attack  the  nervous  system,  and  which  enters  the 
tissues  via  the  nasal  and  intestinal  mucosa.  Although  no  age  confers 
immunity,  children  are  much  oftener  attacked  than  adults.  After  an 
incubation  period  of  six  or  eight  days,  during  which  there  are  no 
symptoms,  there  is  an  acute  onset,  usually  febrile.  The  fever  reaches 
its  maximum  about  the  third  day,  and  it  is  generally  at  this  stage 
that  evidences  of  muscular  paralysis  are  made  out.  Even  before  the 
onset  of  paralysis  the  blood  shows  a  leucocytosis,  and  if  we  examine 
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the  cerebro-spinal  fluid  at  this  stage  we  note  the  presence  of  pleo- 
cytosis  and  of  globulin  (see  later,  p.  424).     The  organism,  whilst  causing 
congestion  of  various  organs,  including  the  spleen  and  lymphatic 
glands,  together  with  multiple necroticlesions of  theliver,is  neurotropic, 
i.e.  it  has  a  specially  intense  effect  upon  the  central  nervous  system 
and  its  meninges,  and  may  attack  any  part  of  the  grey  matter.    Most 
commonly  its  main  incidence  falls  upon  the  spinal  cord,  where  it  pro- 
duces a  special  perivascular  infiltration  around  the  anterior  spinal 
arteries  which  supply  the  anterior  horns.     The  spinal  meninges  being 
also  hypersemic,  there  are  pains  in  the 
limbs,  aggravated  by  passive  move- 
ment.    One   attack  of    the  disease 
almost    always    confers    immunity, 
owing  to  the  formation  of  immunity- 
bodies  in  the  blood.     When  the  an- 
terior horns  are  attacked,  as  is  com- 
monly the  case,  a  large  number  of 
muscles,  sometimes  in  all  four  limbs, 
may  originally  be   paralysed.     But 
in  a  week  or  two  most  of  the  paralysis 
clears  up,  leaving  a  residuum,  almost 
always  unilateral,  of  paralysed  mus- 
cles which  undergo  rapid   wasting. 
There  is  no  exaggeration  of  tendon 
reflexes  below  the  level  of  the  lesion, 
since    the    pyramidal    tract    is    un- 
affected.    The   lower  limb   is   more 
frequently  affected  than  the  upper. 
Figs.  95,  96,  and  97  are  examples  of 
cases  of  old  infantile  paralysis,  showing  the  extreme  degree  of  atrophy 
which  results,  and  if  the  disease   occurs  in  childhood,  as  is  most 
often  the  case,  the  subsequent  want  of  growth  in  the  limb.    The 
wasted  limb   is  often  cold  and  blue,  its  local  arterial  pressure  is 
diminished,  and  the  patient  can  frequently  tolerate,  without  pain, 
faradic  stimulation  of  a  strength  which  is  intolerable  in  the  sound 
limbs. 

Chronic  anterior  polio-myelitis,  or  progressive  muscular  atrofihy, 
has  a  gradual,  insidious  onset.  Itocciirs  almost  aiwaysln  adults  and, 
though  beginning  "nilatprflJIy^generally  becomes  bilateral.  It  usually 
shows  itself  first  in  the  small  intrinsic  muscles  of  the  hands  (Aran- 
Buchenne  type,  see  Fig.  98);  more  rarely  it  begins  in  the  shoulder 
muscles.  In  this  disease  we  observe  fibrillary  worm-like  tremors  in  the 
wasting  muscles,  with  electrical  reactions  which  are  a  mixture  ot  K.D. 


Yic.  96. — Old  infantile  paralysis  with 
total  loss  of  deltoid  and  biceps. 
Shows  action  of  the  supinator 
longus  in  flexing  the  elbow. 
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with  healthy  reactions.  This  is  because  here  and  there  in  the  diseased 
area  a  healthy  anterior  cornual  cell  survives,  together  with  its  corre- 
sponding healthy  muscle-fibre.  j£  the  adjacent  pyramidal  tracts  be 
sclerosed,  we  have  amvotrnph'ft  i»*flajjm^gfig|g^  in  which  the  deep 
reflexes  are  exaggerated  an^MpTantar  reflexes  extensor  in  type. 

Neither  in  chronic  anterior  poliomyelitis  nor  in  amyotrophic  lateral 

sclerosis  do  we  meet  with  any  sensory  cliaiigesr    Sensibility  tu  pain 

and  to  temperature  should  always  be  Ccirefully  tested  in  such  cases,  so 


t 


Fig.  97.  —  Old  infaiitile  paralysis  (acute 
anterior  polio  -  myelitis).  Paralysis  and 
atrophy  of  all  the  muscles  below  the 
elbow,  with  exception  of  supinator  longus. 


Fig.  98. — Progressive  mus- 
cular atrophy  in  a  man 
aged  32.  The  patient 
was  also  tabetic. 


as  not  to  overlook  the  early  stage  of  a  syringo-myelia  in  which  the 
glioraatous  affection  tends  to  implicate  not  only  the  posterior,  but  also 
the  anterior  cornua. 

There  is  a  rare  infantile  variety  of  progressive  muscular  atrophy — 
Werdnig-Hafftnann  type — due  to  degeneration  of  the  anterior  cornua. 
The  disease  begins  in  infancy,  often  during  the  first  few  months  after 
birth.  The  muscles  of  the  lower  limbs  are  first  attacked,  and  exhibit 
weakness,  wasting  and  fibrillary  tremors,  though  the  atrophy  and 
fibrillation  may  be  masked  by  subcutaneous  fat.  The  knee-jerks 
disappear  and  the  atrophied  muscles  gradually  lose  their  electrical 
excitability.    This  disease,  which  may  affect  several  members  of  a 
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family,  gradually  spreads  upwards  to  the  medulla,  and  is  fatal,  with 
bulbar  symptoms,  in  from  one  to  six  years. 

There  is  another  peculiar  form  of  muscular  atrophy  which  is 
hereditary  and  runs  in  families,  known  from  its  distribution  as  Tooth's 
"  peroneal "  type,  or  as  the  nrogreasive  neurotic  amyotrophy  of  Charcot 
and  Marie.  It  comes  on  in  childhood,  commencing  in  the  distal  muscles 
of  the  limbs,  more  often  the  lower  limbs  and  the  peroneal  muscles,  and 


FIG.  99.  i'lO.  99.1 

Figs.  99  and  99a. — Peroneal  type  of  muscular  atrophy  (Chareot-Marie- 
Tooth).  In  spite  of  total  paralysis  below  the  loiees,  the  patient  is 
still  able  to  stand  and  walk. 


gradually  producing  weakness  with  contractures.  The  electrical  re- 
actions in  the  affected  muscles  are  diminished,  but  without  other  change. 
Talipes  equino-varus  appears,  for  which  tenotomy  is  often  done,  as  was 
the  case  in  the  patient  shown  in  Fig.  99.  But  if  the  patient's  feet  be 
passively  supported,  say  by  metal  supports  at  the  ankles,  until  the 
paralysis  of  the  limbs  has  become  complete  (as  in  the  patient  shown  in 
Fig.  100),  talipes  does  not  appear  even  in  the  totally  paralysed  limb. 
Later,  the  intrinsic  muscles  of  the  hands  undergo  wasting  (Fig.  100). 
In  fact,  early  claw- foot  and  claw-hand  in  young  people  are  almost 
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pathognomonic.  (The  only  other  disease  of  diagnostic  importance  in 
this  connection  is  progressive  hypertrophic  neuritis.)  The  disease 
hardly  ever  extends  to  the  muscles  of  the  hips  or  shoulders.  The 
facial  and  trunk  muscles  also  escape.  It  is  interesting  to  note  that  even 
when  all  the  muscles  below  the  knees  are  paralysed,  the  patient  may 
still  be  able  to  walk  alone,  although  the  gait  is  high-stepping  from  drop- 
foot.  This  was  so  in  both  the  patients 
here  figured.  The  deep  reflexes  are  lost 
in  the  atrophied  muscles. 

Thus  in  the  little  boy  (Fig.  99)  the  ankle- 
jerks  were  lost,  whereas  the  knee-jerks  re- 
mained brisk,  since  the  thigh  muscles  were 
unaffected;  in  the  girl  (Fig.  100)  both  the 
knee-jerks  and  ankle- jerks  were  lost. 

Pathologically  the  disease  is  associated 
with  atrophy  of  the  anterior  cornual  cells, 
whilst  the  anterior  nerve-roots  are  said  to 
be  healthy.^  But  there  is  marked  de- 
generation in  the  intra-muscular  nerve- 
fibres  of  the  affected  muscles.  There  is 
also  a  curious  degeneration  in  the  posterior 
columns,  closely  resembling  that  of  tabes 
dorsalis, 

_  Pi'^iessive  hypertrophic  neuritis  is  an- 
other family  disease  which  begins  m  child- 
hood or  adolescence.  In  this  disease, 
besides  a  flaccid  muscular  atrophy  of  the 
limbs,  commencing  penpherally  and  less 
intense  in  the  proximal  muscles,  and  tend- 
ing to  produce  .pes  cavus  and  claw-hand, 
there  are  marked  sensory  changes,  resem- 
bling those  of  tabes,  i.e.  shooting  pains, 
anaesthesia,  analgesia  (especially  at  the 
periphery  of  the  limb),  loss  of  joint- 
sp.napi^  p.tp,.  The  affected  muscles  show 
reactions  of  degeneration.  There  is  marked  ataxia  of  the  limbs 
together  with  loss  of  the  deep  reflexes,  kypho-scoliosis,  and  Argyll- 
Robertson  pupils.  In  some  cases  exophthalmos  has  been  observed.^ 
Pathologically  we  find  a  sclerotic  thickening  of  the  peripheral  nerve- 
trunks,  extreme  in  degree,  often  palpable  during  life,  or  even  visible 
if  the  patient  be  thin.     There  is  also  a  degeneration  of  the  posterior 


Fio.  100. — Peroneal  type  of 
muscular  atrophy  (Charcot- 
Marie  -  Tooth).  Showing 
atrophy  of  intrinsic  muscles 
of  hands. 


1  Dejerine  and  Armand-Delille,  Sewe  neurolcgigve,  K03,  p.  1198. 

2  Boveri,  Laaernaine  medicale,  March  30, 1910,  p.  146. 
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columns,  somewhat  like  that  of  tabes  dorsalis.    The  muscles  show 
atrophy,  proliferation  of  sarcolemma  nuclei,  and  fatty  infiltration. 

A  lesion  of  a  spinal  nerve  after  the  union  of  its  anterior  with  its 
posterior  root,  but  above  the  point 
where  it  divides  into  branches  to  form 
plexuses  or  individual  nerves,  is  char- 
acterised by  a  combination  of  motor 
and  sensory  paralysis,  the  distribution 
of  which  is  not  according  to  peripheral 
nerves,  but  according  to  root-areas, 
motor  and  sensory  (see  Tables  of 
Muscular  Localisation,  p.  35,  also  Fig. 
25,  p.  33). 

Thus,  for  example,  Fig.  101  is  the 
photograph  of  a  saUor  who  received  a 
violent  blow  on  the  right  side  of  his  neck 
from  an  iron  winch.  This  produced 
paralysis  of  the  deltoid,  supra-  and  infra- 
spinatus, biceps,  brachialis  anticus,  and 
supinatores  longus  and  brevis,  together 
with  an  area  of  cutaneous  anaesthesia 
along  the  outer  side  of  the  whole  upper 
limb,  from  the  shoulder  to  the  hand. 
All  this  would  be  difficult  of  explanation 
on  the  theory  of  multiple  injuries  to  the 
numerous  peripheral  nerves  which  supply 
these  various  parts.  But  the  motor  dis- 
tribution is  that  of  the  fifth  cervical  root, 
whilst  the  anaesthesia  of  the  hand  cor- 
responds to  the  fifth  and  a  small  part  of 
the  sixth  root,  and  as  a  matter  of  fact  pic.  loi. — Case  of  rupture  of  C,  root 
this  lesion  was  subsequently  verified  by  in  a  sailor  aged  29.  There  are 
operation. 


atrophy  and  paralysis  of  deltoid, 
supra-  and  infra-spinatus,  biceps, 
brachialis  anticus,  and  supina- 
tores longus  and  brevis,  together 
with  anaesthesia  along  the  outer 
side  of  the  lirab,  from  the  neck  to 
the  thumb  and  index  finger  (in 
the  area  indicated  by  black  line). 
The  figure  shows  the  atrophy  of 
the  deltoid,  with  downward  dis- 
placement of  the  limb  at  the 
shoulder-joint. 


Lesions  of  peripheral  mixed  nerves, 
when  complete,  are  usually  easy  of 
diagnosis,  inasmuch  as  there  are  para- 
lysis and  atrophy  of  all  the  muscles 
supplied  by  the  particular  nerve,  to- 
gether with  anaesthesia  in  the  area  of 
its  cutaneous  distribution. 

It  is  unnecessary  to  discuss  the  signs  of  paralysis  of  all  the  various 
mixed  nerves.  The  question  is  one  of  anatomy.  Let  us  select  one 
or  two  illustrative  examples. 

Ulnar  paralysis  affects  certain  muscles  of  the  hand  and  forearm,  of 
which  the  most  important  diagnostically  are  the  lumbricales,  which 
flex  the  proximal  phalanx,  and  the  interossei,  which  extend  the  two 
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distal  phalanges,  of  each  digit.     This  is  specially  marked  in  the  two 
ulnar  fingers,  whose  lumbricales  are  innervated  by  the  ulnar  nerve. 

One  of  the  most  constant  signs  of  ulnar  palsy  is  the  thumb-sign,^ 
shown  by  the  abnormal  attitude  of  the  thumb  during  the  act  of 
prehension.  To  demonstrate  this,  we  hand  the  patient  some  thin 
object,  e.gr.  a  sheet  of  paper,  and  ask  him  to  grasp  it  firmly,  first  with 
the  healthy  hand  and  then  with  the  paralysedhand.  On  the  normal  side 
the  whole  length  of  the  thumb  is  in  contact  with  the  paper,  compressing 
it  against  the  index  finger,  the  terminal  phalanx  of  the  thumb  being 


Fig.  102. 


Fig.  102a. 


Fios  102  AND  102a. — Left-sided  ulnar  paralysis,  from  a  bullet-injury  of  the  nert'e 
behind  the  internal  condyle  of  the  humerus.  The  area  within  the  black  line  is 
anaesthetic. 


meanwhile  extended,  or  perhaps  a  little  flexed.  On  the  paralysed  side, 
however,  only  the  pulp  of  the  thumb-tip  presses  the  paper  against  the 
index,  whilst  the  terminal  phalanx  of  the  thumb  is  markedly  flexed  and 
there  is  an  empty  space  between  it  and  the  index  finger  (see  Fig.  104). 

Anaesthesia  of  one  and  a  half  fingers  and  of  the  corresponding  part 
of  the  hand  is  also  present  (see  Figs,  102  and  102a).  In  old-standing 
cases,  the  unopposed  common  extensor  of  the  fingers  undergoes  con- 
tracture and  produces  a  claw-hand,  this  being  most  evident  in  the 
two  ulnar  fingers.  The  hypothenar  eminence  also  becomes  flattened 
and  the  palm  hollowed,  so  that  the  flexor  tendons  become  visible 
beneath  the  skin. 

Paralysis  of  the  anterior  crural  nerve  is  a  much  rarer  affection  (see 

.  *  Froment,  Presae  midkale,  1916,  Oct.  21. 
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Fig.  103).     From  paralysis  of  the  quadriceps  extensor  the  patient  is 
unable  to  extend  the  knee  on  the  affected  side,  and  the  quadriceps 


Fig.  103. — Paralysis  of  lejt  anterior  crural  nerve  (from  spontaneous 
haemorrhage  in  a  case  of  haemophilia),  showing  atrophy  and  paralysis  of 
quadriceps  extensor.  The  black  line  indicates  the  limit  of  the  anaesthesia 
on  the  outer  aspect  of  the  limb.  On  the  inner  side  of  the  limb  it  extended 
down  to  the  internal  malleolus. 

undergoes  atrophy.  In  standing  erect  and  in  walking  the  knee  tends 
to  give  way,  and  the  patient  is  liable  to  trip  over  small  objects.  There 
is  special  difficulty  in  going  up  and  dowTi  stairs,  the  patient  taking 


Fig.  lOi,— Left-sided  ulnar  paralysis:  Froment'e  sign. 

two  strides  on  each  step,  instead  of  the  normal  alternate  step  upwards 
of  each  leg.     When  going  upstairs  he  leads  off  with  the  sound  leg,  and 
drags  the  paralysed  leg  up  to  the  same  level:  when  going  downstairs 
•  13 


226 


NERVOUS  DISEASES 


he  leads  off  with  the  paralysed  leg.  From  affection  of  the  middle  and 
internal  cutaneous  nerves  and  of  the  long  saphenous  nerve  there  is 
anaesth  vjia  of  the  front  of  the  thigh  and  knee  and  of  the  inner  side  of 
the  leg  as  far  as  the  ankle. 

Figs.  105  and  105a  are  from  a  case  of  division  of  the  sciatic  nerve 
from  a  bullet-wound  in  the  thigh  in  a  young  soldier.  It  shows  how 
all  the  muscles  below  the  knee  are  atrophied  and  paralysed,  the 


Fia.  105. 


FlQ.  105a. 


Fics.  105  AND  105a. — Paralysis  of  great  sciatic  nerve  on  right  side,  from  bullet- wound 
of  thigh.  Showing  muscular  atrophy  below  knee,  with  drop-foot.  The  black 
line  indicates  the  upjier  limit  of  the  anaesthesia. 

hanr.tring  muscles  having  escaped,  since  the  nerve  was  divided  below 
the  level  of  the  hamstring  branches.  Besides  the  muscular  atrophy 
with  the  usual  drop-foot,  we  have  anaesthesia  in  the  areas  of  the  peroneal, 
musculo-cutaneous,  anterior  tibial,  short  saphenous  and  both  plantar 
nerv^es. 

As  a  mixed  nerve  recovers,  sensation  returns  more  rapidly  than 
motor  power,  and  protopathic  sensation  earlier  than  epicritic.  Thus 
in  a  previously  anaesthetic  cutaneous  area,  as  recovery  begins,  if  we 
pinch  the  skin  we  produce  a  peculiar,  specially  disagreeable  sort  of 
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pain  which  is  diffuse  and  badly  localised  by  the  patient.  Later,  aa 
epicritic  sensibility  returns,  this  protopathic  pain  gradually  becomes 
less  intense.  We  must  thus  be  prepared  to  find  that  in  a  long- 
standing case  the  sensory  loss  is  less  complete  than  in  a  recent  one 
or  it  may  happen  that  sensation  is  already  restored  when  motor  power 
has  not  yet  returned.    This  rule,  however,  is  by  no  means  invariable. 

As  a  motor  nerve  recovers  its  functions  there  is  a  return  of  muscle- 
tonus  and  a  diminution  of  the  muscular  atrophy  long  before  voluntary 
movements  begin  to  reappear.  Moreover,  primitive  automatic  and 
associated  movements  tend  to  return  earlier  than  the  more  highly 
specialised  and  isolated  movements  (see  Facial  Paralysis,  pp.  148-149). 

As  an  example  of  paralysis  of  a  purely  motor  nerve  we  may 
instance  the  posterior  thoracic,  or  nerve  of  Bell,  which  supplies  the 
serratus  magnus.  The  usual  cause  of  its  paralysis  is  inflammation  of 
the  subscapular  bursa,  close  to  which  the  nerve  runs.  Pure  serratus 
palsy  is  much  less  common  than  was  formerly  taught.  When  the 
serratus  is  paralysed  alone,  the  scapula  shows  no  deformity  at  rest, 
since  the  trapezius  and  rhomboids  keep  it  in  contact  with  the  posterior 
chest- wall.  But  on  raising  the  arms  horizontally  in  front  of  the  body 
the  scapula  on  the  affected  side  becomes  detached  from  the  chest- wall 
and  is  "  winged."  In  practice,  most  cases  of  "  winged  scapula  "  are 
found  to  be  due,  not  to  serratus  palsy,  but  to  paralysis  of  the  sub- 
trapezial  plexus  (see  Fig.  281,  p.  518),  in  which  there  is  deformity  of 
the  scapula  even  at  rest. 

Recovery  of  a  purely  motor  paralysis  of  lower  motor  neurone 
type  indicates  that  the  lesion  must  have  been  of  extra-medullary 
origin,  since  regeneration  of  nerve-fibres  does  not  occur  within  the 
central  nervous  system. 

Besides  such  lesions  of  individual  nerve- trunks,  we  have  also  to  bear 
in  mind  so-called  multiple  or  peripheral  neuritis— a  very  conmion 
disease,  affecting  t^e  mixed  nerves  syinmetrically  on  both  sides,  some- 
luiTTes  in  the  aims,  bumt^times  iti  the  legsTsometimes  in  all  four  limbs, 
and  even  other  nervesalso^such^as  those^oOSIiQEJai^^iitogBi, 
and  so  on.  Such  neuiitisTwFen  affecting  mixed  nerves,  is  easy  of  diag- 
'  nosis.  The  distribution  of  the  sensory  and  motor  abnormalities  is 
characteristic.  The  patient  has  subjective  tingling  feelingg  in  the  haflds 
.and  feet^and  on  examination  w^e  find  diminution  of  sensation  to  light 
touches  in  the  ''Rocking  "  and  "  glove  '"^reas  ot  tne  iimbyoften  with 
extreme  hypersesthesia  of  the  soles  to  pressure.  Moreover,  the  muscles 
of  the  limbs  are  exquisitely  tender  on  being  grasped.  The  motgi 
pralvsis.  of  the  lower  motor  neurone  type^  specially  affp.r.t.ft  t.hfi  antenor 
'SbknJperoiieal  groups_jnJhfiJfiga^-prod^^^"g  dmp-fnnfi,  and  t,he 
extensors  of  the  wrists  and  fingers,  picducing  drop-wrist  (Fig.  106). 
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The  commonest  causes  of  multiple  neuritis  are  chronic  poisoning  by 
alcohol  (commonly  associated  with  a  rapid  pulse),  arsenic  (specially 
associated  with  cutaneous  eruptions),  the  diphtheritic  poison  (specially 
associated  with  paralysis  of  the  muscles  of  accommodation  and  with 
weakness  of  the  soft  palate),  the  use  of  carbohydrate  food-stuffs  in 
the  absence  of  their  accessory  food-factors  or  "  vitamines  "  causing 
beri-beri  (associated  with  oedema  of  the  limbs  and  of  certain  serous 
cavities),  diabetes,  septicsemia,  end  other  poisons  such  as  bisulphide  of 
carbon  (in  rubber-factory  employes),  carbonic  oxide,  end  lead.  Lead 
neuritis  is  a  peculiar  form  which  practically  never  attacks  the  sensory 


Fig.  106. — Alcoholic  neuritis  with  drop-wrist. 

fibres!  The  upper  limbs  are  usually  affected,  the  muscles  attacked 
being  the  extensors  of  the  fingers  and  wrists,  producing  wrist-drop. 
The  long  extensors  of  the  thumb  become  paralysed  later,  the  extensor 
ossis  metacarpi  pollicis  remaining  unaffected.  The  supinator  longus 
usually  escapes,  so  that  the  disease  contrasts  with  musculo-spiral 
paralysis,  with  which  it  might  be  confused  on  superficial  examination. 
The  blue  line  on  the  gums  and  other  signs  of  plumbism  also  aid  us  in 
the  diagnosis. 

Sometimes  the  lower  motor  neurones  are  paralysed  in  their  entire 
extent,  from  anterior  cornu  to  periphery,  the  disease  commencing 
in  the  motor  neurones  of  the  lowest  spinal  segments  and  spreading 
upwards  towards  the  bulbar  motor  neurones.  This  affection,  known 
as  a<nUe  ascending  paralysis^  or  Landry's  paralysis,  might  be  confounded 
with  an  ordinary  peripheral  neuritis  were  it  not  for  the  absence  of 
sensory  changes.  The  paralysis,  commencing  in  the  legs  and  spreading 
,.up  the  trunk  to  the  arms,  is  of  the  usual  flaccid  type  with  loss  of  reflexes. 
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There  is  no  time  for  muscular  atrophy  or  reactions  of  degeneration  to 
develop,  and  if  the  respiratory  muscles  become  paralysed  the  patient 
dies,  generally  within  a  week  from  the  onset.  The  sphincters  remain 
unaffected.  Various  organisms  have  been  cultivated  from  the  cerebro- 
spinal fluid  and  from  the  peri-dural  tissues  in  such  cases.  The  spleen 
is  frequently  enlarged,  as  in  certain  other  infective  disorders. 

Before  leaving  the  subject  of  nerve  lesions  of  lower  motor  neurone 
type,  we  must  refer  to  lesions  of  the  Cauda  eQuina,  that  mass  of  nerve- 


no.  107. 


Fig.  107a. 


Figs.  107  and  107a.— Paralysis  of  cauda  equina  from  S5 roots  down- 
wards in  a  miner;  due  to  vertebral  injury  from  a  fall  of  earth. 

roots,  lumbar,  sacral  and  coccygeal,  contained  \Nithin  the  lowest  part 
of  the  spinal  theca.  According  to  the  roots  ai!ected,  anterior  or 
posterior,  we  have  motor  and  sensory  symptoms,  both  distributed  in 
"root"  fashion,  not  according  to  peripheral  nerves.  The  clinical 
picture  varies  according  to  the  level  of  the  lesion.  When  the  whole 
Cauda  is  involved,  we  find  paralysis  (of  lower  motor  neurone  type  of 
all  the  muscles  of  the  lower  limbs,  together  with  anaesthesia  below 
the  folds  of  the  groins  in  front,  including  the  genitals,  and  below  the 
upper  part  of  the  buttocks  behind,  together  with  loss  of  control  ot  the 
bidder  and  rectum.   If  the  first,  second,  and  third  lumbar  roots  escape. 


230 


NERVOUS  DISEASES 


the  anaesthesia  is  less  extensive  (Fig.  25,  p.  33),  sparing  the  upper 
part  of  the  thighs.  If  the  third  lumbar  roots  escape,  thereby  sparing 
the  quadriceps,  the  motor  paralysis  is  correspondingly  less,  and  the 
knee-jerks  survive,  though  there  is  still  paralysis  of  the  glutei  and 

hamstrings  and  of  all  the  muscles 
below  the  knees,  with  loss  of 
ankle- jerks  and  paralysis  of  blad- 
der and  rectum  as  before.  If  the 
lesion  be  lower  still,  the  area  of 
paralysis,  motor  and  sensory,  is 
correspondingly  diminished.  Be- 
low the  second  sacral  roots  there 
is  no  paralysis  of  the  lower  limbs, 
but  there  is  a  characteristic 
"saddle-shaped"  area  of  anaes- 
thesia on  the  buttocks,  perineum, 
scrotum  and  penis,  with  a  small 
strip  running  from  the  perineum 
down  the  postero-internal  aspect 
of  the  thighs.  Here  also  the 
bladder  and  rectum  are  uncon- 
trolled, and  the  anal  reflexes  are 
lost,  but  there  is  no  motor  weak- 
ness of  the  lower  limbs,  and  all 
the  reflexes  of  the  lower  limbs 
are  normal.  Arid  so  on,  the  area 
of  paralysis  diminishing  as  we 
descend,  until  when  there  is  a 
lesion   of   the   fourth   and  fifth 

Fig.  108.— Bullet.wound  of  cauda  equina  f  sacral  and  the  coccygeal  roots, 
at  level  of  Srt  root  on  the  right  8ide#  ,i  ,       .  i      •       r  ,i 

and  s,  on  the  left.    The  genitals     *he  only  Signs  are  paralysis  of  the 

levator  ani,with  anaesthesia  of  the 
anus  and  perineum,  the  sphincter 
ani  remaining  intact. 

The  chief  difficulty  in  the 
diagnosis  of  lesions  in  this  region 
is  to  distinguish  between  a  lesion 
of  the  Cauda  and  one  of  the  conus  medullaris — that  part  of  the 
spinal  cord  which  extends  below  the  third  sacral  segment.  In  both 
cases  the  motor  power  of  the  legs  is  unaffected,  and  there  is  anaesthesia 
of  the  "saddle"  area,  with  loss  of  sexual  power  and  of  control 
of  bladder  and  rectum.  Cauda  lesions,  however,  are  more  often 
gradual  in  onset  than  conus  affections,  and  are  usually  accompanied 


were  also  anaesthetic  with  incontin- 
ence of  both  sphincters.  There  was 
no  motor  paralysis  of  the  lower 
limbs.  The  jiencil  -  point  indicates 
the  entrance  wound  on  the  right  side: 
the  exit  wound  is  visible  on  the  left 
side,  at  a  similar  level,  immediately 
above  the  iliac  crest. 
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by  intense  sacral  "root"  pains,  and  the  ultimate  anajsthesia  of 
a  Cauda  affection  is  frequently  preceded  by  cutaneous  hypera)s- 
thesia.  In  some  Cauda  lesions  the  patient  suffers  from  intense  burning 
pains  in  the  perineum  and  rectum,  occurring  only  when  in  the 
sitting  posture,  and  entirely  absent  when  standing,  walking,  or  lying 
down.-^  This  pain  is  probably  due  to  dragging  on  the  sacral  roots. 
A  bed-sore  is  commoner  in  a  medullary  lesion  than  in  a  cauda  lesion. 
Finally,  any  "  dissociation  "  of  anaesthesia,  such  as  analgesia  or  therm- 
ana3sthesia  without  tactile  anaesthesia,  points  to  a  medullary  lesion. 
If  both  Cauda  and  conus  are  included  in  the  same  disease,  the  cauda 
symptoms  mask  the  others. 

Let  us  now  turn  to  motor  palsies  resulting  from  affections  within 
the  muscles  themselves.  Some  of  these  are  really  the  effect  of  diseases 
of  the  intra-muscular  fibrous  tissue.  This  is  the  case  in  aciife  myositis, 
in  which  disease  there  is  an  interstitial  inflammation  within  the  nmscle, 
often  with  a  good  deal  of  effusion,  so  that  any  sudden  movement  causes 
acute  pain ;  tenderness  on  pressure  is  also  present.  Lumbago  and  the 
familiar  "  stiff  neck  "  are  common  varieties,  and  their  diagnosis  usually 
presents  no  difficulty.  Trichiniasis  is  a  disease  in  which  the  muscle- 
fibres  are  invaded  by  the  trichina  spiralis  worm.  Here  there  is  a 
history  of  the  patient  having  eaten  some  meat,  usually  pork,  which 
turns  out  to  have  been  trichinosed.  Within  a  day  or  two  he  develops 
gastro-intestinal  symptoms  and  becomes  feverish,  with  widespread 
muscular  pains,  rigidity,  and  stiffness,  especially  in  the  muscles  of  the 
limbs.  In  severe  cases  the  pharynx,  tongue,  diaphragm,  and  even 
the  laryngeal  muscles  may  become  affected.  Together  with  this,  there 
is  a  peculiar  oedema  of  the  face  and  eyelids,  spreading  thence  to  the 
limbs,  and  sometimes  to  the  serous  cavities.  The  blood  contains  a 
marked  excess  of  eosinophile  leucocytes,  and  the  temperature  is  raised. 
The  symptoms  last  usually  four  or  five  weeks. 

Sometimes,  when  a  patient  has  had  his  forearm  fractured  and  put 
up  in  splints,  the  bandages  may  be  applied  too  tightly  and  the  blood- 
supply  of  the  muscles  is  interfered  with  by  the  pressure.  As  a  result, 
there  is  oedematous  swelling  with  pain  in  the  hand,  and  unless  the 
bandages  be  loosened,  ischsemic  paralysis  (v.  Volkmann)  may  develop. 
This  is  a  variety  of  myositis  following  a  partial  coagulation-necrosis, 
and  usually  confined  to  the  muscles  on  the  flexor  aspect  of  the  forearm. 
At  first  the  affected  muscles  of  the  forearm  swell  from  oedematous 
effusion;  later  they  become  shrunken,  hard,  and  contractured  by  zones 
of  interstitial  fibrous  tissue,  with  intervening  surviving  areas  of  muscle, 
fibres,  the  interphalangeal  and  wrist-joints  being  in  a  flexed  position 
and  the  metacarpo-phalangeal  joints  extended  (see  Fig.  109).  The 
1  Schlesinger,  Neurolog.  CcnlralUalt,  1915,  p.  450. 


232 


NERVOUS  DISEASES 


thumb,  which  has  a  long  flexor  of  its  own,  often  escapes.  Active 
movements  are  diminished  or  lost,  and  passive  extension  of  the  lingers 
or  wrist  is  impossible.  The  "  wooden  "  hardness  and  stiffness  of  the 
muscles  and  the  absence  of  R.D.  (since  the  surviving  fibres  of  the 
affected  muscles  react  normally),  together  with  the  normal  condition 
of  sensation,  suffice,  with  the  history  of  the  case,  to  distinguish  it  from 
a  neuritis. 

But  we  also  meet  with  cases  of  muscular  weakness  and  atrophy 
localised  to  certain  muscles,  where  the  motor  nerves  and  nuclei  are 
healthy,  but  the  muscle-fibres  themselves  are  primarily  diseased.     This 

group  of  diseases  is  called  muscular 
dystrophy,  idiopathic  muscular 
atrophy,  or  myopathy. 

Clinically  we  recognise  two 
main  classes  of  myopathy: — (1) 
those  cases  in  which  all  the  affected 
muscles  waste  from  the  outset; 
and  (2)  those  in  which  certain 
muscles  undergo  a  false  enlarge- 
ment before  they  ultimately  be- 
come smaller  —  so-called  pseudo- 
hypertrophic paralysis.  But  there 
is  really  no  essential  difference  be- 
tween these  two  varieties.  Even 
in  pseudo-hypertrophic  cases,  cer- 
tain muscles  undergo  atrophy  from  the  beginning,  whilst  in  the  others 
atrophy  and  enlargement  may  be  combined  in  varying  proportions. 

Muscular  dystrophy  is  a  congenital  disease.  Not  that  the  symptoms 
appear  at  birth,  for  the  child  is  usually  born  apparently  healthy.  The 
age  of  onset  of  noticeable  symptoms  varies  from  two  to  sixty  years, 
though  most  cases  occur  in  childhood  or  youth. 

The  chief  distinguishing  features  between  myopathic  atrophies  and 
muscular  atrophies  of  nuclear  origin,  spinal  or  bulbar,  are  as  follows: — 
The  age  of  onset  is  earlier,  as  a  rule,  in  myopathy  than  in  progressive 
muscular  atrophy  or  amyotrophic  lateral  sclerosis.  Myopathy  often 
runs  in  families;  progressive  muscular  atrophy  does  not.  The  muscles 
affected  are  different  in  the  two  cases.  In  progressive  muscular 
atrophy  and  amyotrophic  lateral  sclerosis,  the  wasting  most  commonly 
begins  in  the  small  muscles  of  the  hands,  attacking  muscle-groups 
corresponding  to  segments  of  the  cord.  In  myopathy  the  larger 
muscles  are  generally  affected,  whilst  the  small  muscles  of  the  hands 
escape.  Amyotrophic  lateral  sclerosis  tends  to  sjjread  up  to  the  bulbar 
nuclei,  and  to  produce  bulbar  paralysis.     Myopathy  does  not  cause 


Fic.   lo;t.-^Ischaemic  myo.siti.s. 
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bulbar  palsy.  It  is  true  that  in  one  type  of  myopathy-the  Landouzy- 
Dejenne— the  face  is  affected,  and  that  in  pseudo-hypertrophic  cases 
the  masseters  are  sometimes  enlarged;  but  myopathic  palsy  hardly 
ever  affects  the  tongue,  and  never  the  larynx.  In  myopathy  some  of 
the  diseased  muscles  may  be  enlarged,  whilst  others  are  wasted. 
Enlargement  of  muscles  never  occurs  in  nuclear  disease.  When  a 
myopathic  muscle  voluntarily  contracts,  we  may  sometimes  notice  a 
ball-shaped  swelling  in  the  middle  of  the  muscle,  especiallv  in  the 
deltoid  or  quadriceps,  which  is  due  to  the  fact  that  the  dystrophy  is 


Fig.  110. — Family  of  pseudo-hypertrophic  brothers,  set.  4,  8,  and  12. 
The  youngest  and  the  oldest  can  still  stand  and  walk;  the  middle 
child  can  no  longer  do  so.  In  the  two  older  boys  the  lower  fibres 
of  the  pectoral  muscles  are  absent. 

most  marked  at  the  extremities  of  the  muscles.  The  long  bones  of  the 
limbs  corresponding  to  the  myopathic  muscles  undergo  a  degree  of 
rarefaction  and  atrophy,  and  the  normal  ridges  for  muscular  attach- 
ments become  smoothed  down.^  Fibrillary  tremors,  which  are  so 
common  in  progressive  muscular  atrophy,  are  rare  in  myopathy. 
Lastly,  in  myopathy,  unlike  amyotrophic  lateral  sclerosis,  the  deep 
reflexes  are  never  increased.  In  fact,  in  myopathy  the  knee-jerk 
may  disappear  from  wasting  of  the  quadriceps. 

The  pseudo-hypertrophic  variety  of  myopathy  generally  begins  in 
childhood.    This  is  the  most  rapidly  progressive  form  of  myopathy,  and 
in  most  cases  the  patient  dies  before  attaining  adult  age.     Boys  are 
1  Merle  and  Raulot-Lapointe,  Nouvelle  Iconographie  de  la  Salpiiriere,  1S09,  No.  3. 
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affected  four  or  five  times  as  ofteu  as  girls.  The  cases  tend  to  run  in 
families,  and  to  select  patients  of  the  same  sex  in  each  family.  Thus 
we  often  find  several  brothers  affected  whilst  the  sisters  escape.  But 
though  the  females  generally  escape  themselves,  they  tend  to  transmit 
the  disease  to  their  male  offspring,  so  that  antecedent  cases  in  a  family 
are  always  on  the  mother's  side.  Children  of  the  same  woman  by 
different  husbands  may  suffer  from  the  disease.  It  is  therefore  unwise 
to  marry  a  widow,  however  young  and  charming,  who  has  a  pseudo- 
hypertrophic child.  The  symptoms  of  pseudo-hypertrophic  paralysis 
are  entirely  motor.    The  first  symptom  which  is  usually  noticed  is 


Fig.  111. — Pseudo-hypertrophic  myopathy.     Fiont  view, 
showing  enlargement  of  calves  and  thighs. 

that  the  child  falls  easily,  gets  up  with  difficulty,  and  cannot  run  or 
jump  like  other  children,  nor  can  he  walk  on  his  heels,  keeping  the 
feet  raised  in  front.  This  weakness  gradually  increases  until  in  a  few 
years  the  patient  becomes  unable  to  stand  or  even  to  sit  up  in  bed. 
The  arms  become  weak  later  than  the  legs.  Figs.  Ill  to  114  show  two 
such  patients.  In  them  we  notice  the  characteristic  "  pot-belly  "  and 
the  lordosis  when  standing.  The  gait  is  wide-based  and  waddling, 
somewhat  like  that  of  the  comic-opera  sailor,  and  there  is  often  a  high- 
stepping  action  to  clear  the  toes  from  the  ground.  But  most  charac- 
teristic of  all  is  the  way  in  which  the  patient  rises  from  the  floor  when 
placed  flat  on  his  back.  He  first  rolls  round  and  gets  on  to  his  hands 
and  knees.  Then,  keeping  his  feet  wide  apart,  he  drags  his  hands  along 
the  floor  towards  his  feet  until  the  knees  are  straightened.     Then  he 
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shifts  his  hands  up  to  his  knees  and  proceeds  to  extend  the  hip-joints 
by  chmbmg  up  his  thighs.  When  he  has  reached  the  upright  position, 
he  leans  his  trunk  backwards  to  keep  the  hips  extended 


Fig.  112. 


-Pseudo-hypertrophic  myopathy.     Side  view,  sliowiiiu 
absence  of  lordosis  in  sitting  posture. 


In  pseudo-hypertrophic  myopathy  certain  nniscles  are  specially 
enlarged  and  hard— e.j/.  the  calf  muscles  and  the  infra-spinati.  Other 
muscles  may  also  become  enlarged— e.j/.  the  quadriceps,  glutei,  deltoid, 


Fig.  113. — Pseudo-hypertrophic  myopathy.     Showing  method  of 
attaining  the  erect  attitude. 

biceps,  and  triceps.  On  the  other  hand,  certain  other  muscles  waste 
from  the  first,  without  any  initial  stage  of  enlargement.  Tims  the 
latissimus  dorsi,  teres  major,  and  lower  fibres  of  the  pectoralis  major  are 
often  absent,  so  that  the  folds  of  the  axillao  are  poorly  marked,  and  if 
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we  lift  up  the  child  by  the  axillse  he  slips  through  our  grasp  (see 
Fig.  110). 

The  enlarged  muscles  ultimately  shrink  and  become  smaller.  As 
the  calf  muscles  shorten,  they  produce  a  talipes  equinus  which  still 
further  hampers  the  walking  powers.  When  the  patient  becomes 
bedridden,  the  contractures  rapidly  attain  an  extreme  degree.  As 
the  quadriceps  wastes,  the  knee-jerk  diminishes  and  disappears. 

Primary  atrophic  myopathy  is  a  less  common  type,  and  owing  to 
absence  of  muscular  enlargement,  it  is  more  likely  to  be  confused  with 
progressive  muscular  atrophy  of  spinal  origin.     At  least  three  varieties 

have  been  recognised,  according  to 
the  muscles  which  are  first  attacked. 
Thus  we  have  (a)  Erb's  juvenile 
type,  affecting  the  muscles  of  the 
shoulder-girdles  and  upper  arms; 
(b)  Landouzy  and  Dejerine's  facio- 
scapulo -humeral  type,  where  the 
atrophy  begins  in  the  face;  (c)  a 
type  beginning  in  the  lower  limbs, 
chiefly  in  the  anterior  thigh  muscles. 
In  these  atrophic  varieties  there 
is  no  striking  preference  for  boys; 
both  sexes  are  equally  liable.  The 
age  of  onset  too  is  a  little  later, 
commonly  between  15  and  35  years, 
except  in  facial  cases,  in  which  the 
atrophy  may  come  on  in  early  child- 
hood. 

In  Erb's  juvenile  type  the  atro- 
phy begins  in  the  large  muscles  of 
the  upper  arms  and  shoulders,  especially  the  biceps,  triceps,  and 
supinator  longus.  Figs.  115,  116,  and  117  are  from  such  a  patient, 
aged  47,  who  was  a  professional  "living  skeleton"  in  a  travelling 
"  freak  "  show.  In  his  case  the  wasting  was  first  noticed  at  the  age 
of  19.  In  some  instances,  as  in  this  particular  case,  the  arms  and  legs 
are  attacked  about  the  same  time.  Or  the  disease  may  begin  in  the 
arms  and  spread  to  the  legs.  The  deltoids  and  spinati  often  escape, 
even  when  the  biceps  and  supinator  longus  are  wasted,  the  condition 
in  this  respect  differing  from  atrophies  of  spinal  origin ;  and  the  forearm 
muscles,  except  the  supinator  longus,  generally  escape  too.  From 
weakness  of  the  glutei  and  quadriceps,  the  patient  when  rising  to  the 
standing  posture  may  have  to  climb  up  his  legs,  as  does  a  pseudo- 
hypertrophic case. 


Fi3.  114. — Pseudo-hypertrophic  myo- 
pathy. Side  view,  showing  lordosis 
when  standing. 
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The  facio-scapulo-kumeral  variety  of  Landouzy-Dejerine  commences 
in  early  life,  the  facial  muscles  being  earliest  affected.    The  orbiculares 
oculoriim  and  oris  are  weak,  so  that  the  patient  cannot  close  his  eyes 
tightly  nor  blow  out  his  cheeks  (see  Figs.  1 18  and  1  18a).    His  lower  lip 
droops  and  projects  forwards,  and  his  mouth  habitually  hangs  open. 
The   smile   is  peculiarly  transverse 
and  has  a  ' '  forced  ' '  look,  the  angles 
of  the  mouth  being  drawn  outwards 
but    not    upwards.     The     tongue, 
ocular    and   jaw    muscles    are    un- 
affected.    Later  the  disease  spreads 
to    the    scapular     and    upper-arm 
muscles,  and  finally  to  the  spinal 
muscles  and  lower  limbs. 

A  third  type  of  the  disease,  of 
which  Fig.  119  shows  an  example, 
begins  in  the  legs,  and  attacks  the 
arms  later.  In  this  patient  the  legs 
became  weak  at  the  age  of  12. 
When  she  came  under  observation 
at  the  age  of  28  she  was  still  able 
to  use  her  arms,  which  were  con- 
tractured  at  the  elbows,  for  knitting 
and  to  feed  herself,  though  she  was 
no  longer  capable  of  walking,  owing 
to  claw- foot. 

Other  Varieties  of  Muscular  Wast- 
ing. —  Wasting  of  muscles  some- 
times occurs  as  a  secondary  pheno- 
menon in  other  diseases,  in  which 
there  is  no  implication  of  the  spino- 
muscular  motor  neurone.  Thus  the 
muscles  may  become  small  from 
disuse,  as  may  be  seen  in  any  limb 
which,  owing  to  a  fracture,  has 
been  confined  for  several  weeks  in 
splints.  Disease  of  a  joint  is  generally  accompanied  by  well-marked 
atrophy  of  its  surrounding  muscles.  This  arthntic  miiscidm  wasting. 
^pppjally  aff«^nts  the  extensor  muscles  of  tMiflJni-— ^or  example,  the 
quadriceps  in  disease  of  the  knee-joint,  the  interossei  in  osteo-arthritis 
of  the  hands,  the  deltoid  in  disease  of  the  shoulder- joint.  A  degree  of 
muscular  wasting    also  occurs  in  the  paralysedjimbsjn j)rdmar3L_ 

"       lisuse,  but  there  are  other 


Fio.  11.5.— Muscular  dystrophy.  Erb's 
juvenile  type.  The  patient  was  a 
professional  "skeleton "  in  an  Ameri- 
can "freak-show." 


'hemiplegia.    Thtt  Of  thlB  may  be  bne  result  oi 
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Fio.  116. — Muscular  dystrophy.     Erb's  juvenile  type.     Patient  endeavouring 
to  rise  to  standing  posture. 


Fio.  117. — Muscular  dystrophy.     Erb's  juvenile  type, 
to  erect  posture. 


Batient  rising 
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cases  in  which  the  degree  of  wasting  is  excessive,  and  disproportionate 
to  the  paralysis. 

We  may  also  meet  with  wasting  of  muscles  in  rare  cases  of  hysterical 
'parahfsis  (see  Fig.  216,  p.  387).     But  all  these  rauscolar  wastings  can 
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be  distinguished  from  that  due  to  disease  of  the  lower  motor  neurone  by 
the  absence  of  electrical  reactions  of  degeneration. 

Reflex  Palsies.— Both  in  peace  and  in  war  we  meet  with  motor 
disabUity,  sometimes  flaccid,  sometimes  spastic  in  type,  localised  to 
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muscle-groups  of  the  upper  or  lower  limb,  following  on  some  local 
trauma.  The  intensity  of  such  reflex  disorder  is  not  necessarily 
proportional  to  the  severity  of  the  primary  injury;  a  trivial 
injury  may  cause  widespread  physical  signs  extending  proximally 
up  the  limb  above  the  site  of  injury.  The  injury  need  not  impli- 
cate any  nerve  or  large  blood-vessel,  but  may  be  in  the  bones,  joints, 
or  soft  parts. 


Fia.  119. 


-Muscular  dystrophy  commencing  in  lower  limbs, 
deformity  of  feet. 


Showing 


The  motor  weakness  is  usually  incomplete,  and  is  generally 
associated  with  a  moderate  degree  of  diffuse  muscular  atrophy. 
This  muscular  atrophy  differs  from  that  produced  by  nerve- injuries 
in  that  it  never  shows  the  electrical  reactions  of  degeneration. 

The  affected  limb  is  abnormally  cold :  its  surface  temperature  may 
sometimes  be  as  much  as  8°  C.  {i.e.  14^  F.)  below  that  of  its  healthy 
fellow.  This  hypothermia  is  one  of  the  most  constant  phenomena,  and 
helps  to  distinguish  the  condition  from  hysteria,  for  which  it  is  often 
mistaken.  The  skin  of  the  affected  hand  or  foot  is  sometimes  cyanosed, 
and  often  moister  than  normal. 


1>ARALYSIS  OF  LOWER  NEURONE  TYPE  241 

Together  with  hypothermia,  there  is  increased  irritability  of  the 
subjacent  muscles  to  percussion,  especially  of  the  intrinsic  muscles  of  the 
hajid  (or  foot),  with  an  abnormally  slow  muscle-wave.     When  the 


'    FlO.  120.  .  ^  Fio.  1?0A. 

Figs.  120  and  120a. — ^Muscular  dystrophy.     Erb's  juvenile  type. 

Fig.  120  shows  absence  of  lower  fibres  of  pectorals,  together  with  pseudo-hypertrophy  of  deltoids  and 
alxsence  of  serrati.    The  upper  boi-ders  of  the  scapuhw  are  visible  from  the  front. 

Fig.  120a  shows  the  increased  deformity  on  raising  the  arms  horizontally  forward.  The  upper  anglM 
of  the  scapulae  are  still  more  evident  and  the  upper  edges  of  the  trapezii  are  now  vieible,  passing 
from  the  vertebral  spines  towards  the  scapula?. 

muscular  hyper-excitability  is  poorly  marked,  it  can  be  rendered 
manifest  by  plunging  both  limbs  into  cold  water;  the  hypothermia  and 
mechanical  irritability  on  the  affected  side  are  at  once  increased. 
The  deep  reflexes  in  the  affected  limb  are  not  necessarily  affected; 

16 
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sometimes,  however,  they  become  exaggerated,  especially  during  the 
phase  of  recovery  after  deep  chloroform  anaesthesia.^  In  cases  affecting 
the  lower  limb,  the  plantar  reflex  may  be  abolished;  it  is  never  of  the 
' '  extensor  ' '  type. 

Blunting  of  sensation  in  the  affected  limb,  rarely  confined  to  a 
single  nerve-area,  and  occasionally  of  typically  hysterical,  segmental 


Fio.  120b.— Muscular. dystrophy.  Same  patient  as  in  Fig.- -120.  Showing  loss  oi 
trapezii,  save  for  their  uppermost  fibres,  with  consequent  wulgrng  of  scapulas. 
Also  note  lordosis. 

distribution,  may  also  be  met  with.     But  sensory  changes  are  often 

absent. 

The  foregoing  phenomena  may  coexist  either  with  a  hypertonic 
contracture  or  with  a  flaccid,  hypotonic  paralysis,  or  with  a  com- 
bination of  the  two,  e.g.  contracture  of  the  flexor  muscles  of  the  hip, 

1  Babinski  and  Froment,  lUvue  murologique,  1915,  p.  926;  Pruse  medicate,  fev.  24, 
1916. 
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combined  with  flaccid  paresis  of  the  ankle  and  toes,  following  an 
injury  of  the  thigh;  or,  again,  spastic  semi-flexion  of  the  elbow  together 
with  flaccid  paresis  of  the  extensors  of  the  wrist  and  fingers,  following 
an  injury  of  the  forearm. 

The  peculiar  hypothermia,  in  conjunction  with  the  mechanical 
hyper-excitability  of  the  muscles,  serve  to  distinguish  reflex  palsy 
from  mere  hysteria,  with  which  it  is  sometimes  combined.  Some 
observers,  whilst  admitting  the  existence  of  the  foregoing  syndrome, 
regard  the  condition  as  due  to  prolonged  immobility  of  a  hysterical 
limb.  But  the  condition  is  sometimes  met  with  in  limbs  which  are 
not  immobile. 

The  following  is  an  illustrative  example  of  reflex  paralysis  of  the 
leg:— 

A  man.  aged  35,  had  a  hernial  swelling  of  the  left  anterior  tibial  muscle 
of  many  years'  duration.     This  was  successfully  repaired  by  operation 
subsequently,    however,  the  patient  developed  pain  in  the  region  of  the 
operation- wound  with  weakness  of  all  the  muscles  below  the  knee. 

When  examined  two  and  a  half  years  later,  the  left  foot  was  found  to  be 
much  colder  than  the  right  and  of  a  salmon-red  colour.  There  was  an  old 
operation-scar  running  vertically  down  the  peroneal  region  of  the  limb. 
The  skin  was  hypersesthetic  all  along  the  scar  and  also  below  it.  in  a  vertical 
strip  on  the  dorsum  of  the  foot.  The  left  ankle  was  completely  paralysed, 
but  the  left  toes  could  be  feebly  flexed  and  extended  voluntarily.  The 
circumference  of  the  left  leg  was  1*5  cm.  and  that  of  the  left  thigh  1  cm. 
less  than  on  the  healthy  side.  All  the  paralysed  muscles  reacted  briskly 
to  faradism.  The  knee-jerks  and  ankle-jerks  were  brisk  and  equal.  The 
plantar  reflexes  were  absent  on  both  sides.  There  was  marked  hyper- 
excitability  of  the  left  peronei,  anterior  tibial,  and  calf-nmseles  to  direct 
percussion.  The  amplitude  of  oscillation,  measm^ed  in  the  posterior  tibial 
arteries  by  means  of  a  sphygmo-manometer,  was  0*75  mm.  of  Hg  in  the 
left  leg,  as  compared  with  1*5  mm.  on  the  healthy  side. 

The  condition  is  "  functional,"  but  not  in  the  sense  of  being  psycho- 
genic in  origin.  It  appears  to  be  due  to  a  hyper-excitable  condition  of 
the  anterior  cornual  cells  in  the  corresponding  segment  of  the  spinal 
cord,  in  cases  with  muscular  hypertonia.  In  cases  with  hypotonia,  the 
corresponding  anterior  cornual  cells  are  inhibited.  There  is  probably 
also  some  disorder  of  the  intermedio-lateral  group  of  cells  (nucleus 
sympatheticus)  to  account  for  the  hypothermia  and  vascular  spasm. 


CHAPTER  XV 

RECUKRENT  AND  TRANSIENT  PALSIES 

There  are  certain  forms  of  motor  paralysis  which  come  and  go.  They 
tend  to  recur  again  and  again,  and  in  the  intervals  between  his  attacks 
the  patient  is  able  to  execute  all  voluntary  movements  in  a  normal 
or  almost  normal  fashion. 

Of  these  diseases  myasthenia  gravis  is  the  most  serious.  Its  clinical 
course  is  singularly  variable :  thus  whilst  some  cases  prove  fatal  within 
a  few  weeks  or  months,  others  may  last  for  ten  years  or  longer.  In 
myasthenia  certain  muscles  become  infiltrated  with  deposits  of  small 
round  cells  resembling  lymphocytes,  especially  the  striated  muscles 
imiervated  by  the  upper  cranial  nerves,  though  sometimes  the  muscles 
of  the  limbs  and  trunk,  and  even  the  respiratory  muscles,  may  become 
art'ected.  The  disease  is  characterised  by  the  fact  that  the  patient 
becomes,  even  after  very  moderate  exertion  of  the  affected  muscles, 
abnormally  easily  fatigued,  and  the  affected  muscles  are,  for  the  time, 
paralysed.  The  patient  wakes  up  in  the  morning  practically  normal, 
but  as  the  day  goes  on,  certain  muscles  gradually  become  paralysed. 
Perhaps  the  muscles  most  often  affected  are  the  levators  of  the  upper 
lids.  Thus  ptosis  appears,  often  of  unequal  degree  on  the  two  sides 
(see  Fig.  121 ).  To  this  maybe  superadded  an  external  ophthalmo^jlegia, 
generally  incomplete.  The  facial  muscles  also  become  weak,  and  the 
patient  has  a  peculiar  "  nasal "  form  of  smile,  in  which  the  angles  of 
the  mouth  are  drawn  upwards,  but  very  slightly  oiitwards.  The 
masse ters  and  other  masticatory  muscles  may  also  be  affected,  so  that 
the  patient  cannot  chew  more  than  a  few  mouthfuls.  The  palate,  tongue 
and  larynx  may  all  be  implicated,  producing  for  the  time  the  phenomena^ 
of  bulbar  palsy.  In  fact,  the  disease  was  formerly  named  "  asthenic 
bulbar  paralysis."  To  correct  his  ptosis,  the  patient  may  tilt  his  head 
backwards.  But  sometimes  the  neck  muscles  are  affected,  so  that  the 
head  falls  loosely  backwards  or  forwards.  In  the  limbs  it  is  chiefly 
the  large  proximal  muscles  which  are  affected.  But  the  most  charac- 
teristic feature  is  the  transitoriness  of  the  paralysis,  and  its  recurrence 
on  slight  exertion.  Thus  the  patient  can  walk  a  short  distance,  but 
soon  has  to  stop;  he  may  speak  a  few  sentences,  and  then  his  voice 
becomes  weak  and  his  articulation  indistinct.     In  the  affected  muscles 
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the  electrical  reactions  are  altered  and  we  have  the  "  myasthenic 
reaction.  Faradic  shocks  applied  to  the  muscles  produce",  at  first 
brisk  contractioiLs,  but  on  repeated  stimulation  the  faradic  excitability 
temporarily  disappears.  In  contrast  to  true  bulbar  palsy,  there  is  n'o 
muscular  atrophy  as  a  rule,  although  in  very  severe  cases  slight  wasting 
ma^^  supervene.i  The  reflexes,  deep  and  superficial,  together  with  the 
sphincters,  are  unaffected.  If  the  respiratorv  muscles  become  severely 
affected,  the  patient  may  die  from  respiratorv  failure.     In  addition  to 


Fio.  121. — Myasthenia  gravis  in  a  man  of  35.  Marked  weakness  of 
masseters  and  of  lower  facial  muscles;  also  right-sided  ptosis.  The 
patient  is  makinu;  a  maximum  effort  to  clench  the  jaws  and  show  the 
teeth. 

motor  phenomena,  we  may  also  have  evidences  of  fatigue  in  the  special 
senses  and  even  in  common  sensibility.  Thus  the  myasthenic  patient 
may  have  temporary  impairment  of  visual  acuity  with  temporary 
contraction  of  the  visual  fields,  and  in  rare  cases  temporary  diminution 
of  sensation  has  been  observed  in  the  limbs. - 

Thomsen's  disease,  or  "  myotonia  congenita,"  is  a  rare  congenital 
affection  of  the  voluntary  muscles,  which  appear  to  possess  an  excesaiv^e 
proportion  of  undifferentiated  sarcoplasm  and  muscle-nuclei,  and 
relatively  too  small  a  proportion  of  the  anisotropic  or  fibrillar  element. 
This  latter  contracts  briskly,  whereas  sarcoplasm  contracts  very  slowly. 

1  See  E.  Ijevi.  Ru'iftta  di  patologia  nervosa  e  meiilale.  HlOti.  p.  450. 
3  Tilney  and  Mitchell  Suiith,  S euiographs,  1911,  vol.  i.,  p.  178. 
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In  Thomsen's  disease,  whenever  the  patient  starts  to  perform  a  brisk 
voluntary  movement,  his  muscles  are  thrown  into  a  state  of  tonic  spasm, 
which  does  not  relax  at  once,  but  passes  off  gradually,  the  muscles 
slowly  becoming  supple,  until  at  length  he  can  perform  the  movement, 
say,  that  of  walking,  in  a  normal  fashion  {"  ce  nest  que  le  jyremier  pas 
qui  opute  ").  But  if  he  stops  and  starts  again,  or  if  he  tries  to  hurry 
his  original  speed,  this  stiffness  and  slowness  of  relaxation  reappear, 
and  have  again  to  be,  as  it  were,  worked  off.  The  lower  limbs  are  most 
commonly  affected,  the  affected  muscles  often  being  somewhat  enlarged, 
but  other  muscles  may  also  show  the  phenomena.  Thus  the  patient's 
eyes  may  remain  for  a  time  firmly  closed  after  a  cough  or  sneeze,  his 
mouth  may  remain  open  after  a  yawn,  and  so  on.  The  sensory  func- 
tions are  unaffected.  The  reflexes  are  normal  in  type,  but  sometimes 
when  the  plantar  reflex  is  elicited  the  flexor  muscles  of  the  toes  remain 
tonically  contracted  for  several  seconds,  instead  of  relaxing  promptly 
as  in  health,  A  similar  myotonic  condition  may  also  be  observed  in 
the  cremasteric  reflex.  The  affected  muscles  have  a  characteristic 
reaction  to  electrical  stimulation.  Their  excitability  is  increased  to 
both  faradism  and  galvanism.  To  galvanism  KCC  is  equal  to  ACC 
(instead  of  being  greater,  as  in  health),  and  the  contraction  set  up, 
whether  by  galvanism  or  by  faradism,  is  remarkably  persistent,  lasting 
for  a  time  after  the  stimulus  has  ceased.  The  disease  runs  in  families 
and  affects  patients  of  both  sexes. 

Eulenburg^s  disease,  or  '^  paramyotonia  congenita,"  is  a  family 
affection,  somewhat  like  Thomsen's  disease,  in  which  a  tonic  spasm 
appears  in  certain  voluntary  muscles,  more  particularly  in  the  face, 
so  that  the  patient  is  unable,  for  a  quarter  of  an  hour  or  longer,  to  open 
hie  eyes  or  to  speak.  Less  often  the  muscles  of  the  limbs  are  affected. 
However,  the  condition  differs  from  Thomsen's  disease  in  its  immediate 
exciting  cause.  The  tonic  spasm  of  Eulenburg's  disease  is  excited,  not 
by  exertion,  but  by  cold,  and  is  generally  relieved  by  warmth.  Eulen- 
burg  attributed  the  symptoms  to  a  temporary  reflex  vasomotor  spasm 
of  the  voluntary  muscles.^  The  two  diseases, however,  are  closely  allied, 
and  have  been  observed  coincidently  in  members  of  the  same  family.^ 

Myotonia  atrophica^  is  a  rare  congenital  disease,  intermediate  in  its 
characters  between  the  myotonias  and  the  myopathies.  On  account 
of  the  overwhelming  preponderance  of  dystrophic  symptoms,  it  is 
better  named  myotonic  dystrophy.  It  sometimes  occurs  in  several 
members  of  the  same  family.  The  patients  are  more  often  males  than 
females,  and  the  symptoms  usually  appear  between  the  ages  of  twenty 

1  Med.  Klinik,  1916,  No.  16. 

a  Delprat,  DeulJtrhe  med.  WochenJtrhrlff,  1802,  s.  l.'SS. 

3  Rossolimo,  NnureUe  Jrotiographie  de  la  Snlpetriere,  1902.  p.  O.'i.  Batten  and 
Gibb,  Brain,  1SM)!I,  p.  18".     Rohrer,  Deutsche  med.  Wocheiwh.,  1916,  vol.  Iv.,  H.  4-6. 


RECURRENT  AND  TRANSIENT  PALSIES  247. 

and  thirty.  The  myotonic  phenomena  generally  precede  the  muscular 
wasting.  The  first  symptom  is  usually  a  difficulty  in  relaxing  the 
grasp,  e.g.  after  shaking  hands.  Myotonic  phenomena  in  other  muscles 
are  slighter  in  degree,  and  are  chiefly  seen  in  the  muscles  of  mastication, 
the  facial  muscles  and  the  tongue;  they  are  rare  in  the  lower  limbs. 
Atrophy  of  myopathic  type  appears  later,  irregular  in  its  distribution, 
chiefly  affecting  the  facial  muscles  (resembling  the  Landouzy-Dejerine 
type  of  myopathy),  the  sterno-mastoids  and  the  vasti  muscles  of  the 
thighs.  It  may  also  be  present  elsewhere  in  lesser  degree,  as  in  the 
supinator  longus  and  other  forearm  muscles,  and  the  peronei  and 
dorsiflexors  of  the  foot.  The  electrical  reactions  in  the  wasted 
muscles  are  simply  diminished.  Testicular  atrophy  with  sexual 
impotence,  or  ovarian  atrophy  with  premature  menopause,  is  common. 
A  considerable  proportion  of  cases  show  other  evidences  of  precocious 
senility,  e.g.  baldness,  cataract,  and  mild  dementia. 

Another  interesting  variety  of  transient  paralysis  is  known  as 
intermittent  arterial  claudication,  or  '*  dysbasia  angio-sclerotica  '* 
("  claudication  intermittente  "  of  Charcot,  or  the  "  intermittirendes  Hin- 
ken  "  of  German  authors).  The  patient  is  most  commonly  a  man  of 
middle  age,  sometimes  of  gouty  constitution,  who  very  often  has  been 
an  inveterate  tobacco- smoker.  The  symptoms  are  very  characteristic. 
At  rest  he  feels  no  disability.  But  when  he  begins  to  walk,  although 
he  starts  off  normally,  he  soon  begins  to  feel  his  legs  tired,  heavy  and 
painful.  A  cramp-like  pain  appears  and  gradually  becomes  intoler- 
able, making  him  limp;  and  if  he  perseveres  with  his  attempt,  he 
finally  becomes,  for  the  time,  totally  unable  to  walk  a  single  step. 
He  rests,  the  pain  and  weakness  pass  off,  only  to  return  when  he  starts 
to  walk  afresh.  If  we  examine  such  a  patient  during  a  paroxysm 
of  temporary  incapacity,  we  find  his  feet  and  legs  cold  and  perhaps 
purple  or  mottled  red.  But  what  is  most  characteristic  of  all  is  that 
the  pulse  in  the  feet,  in  the  posterior  tibial  or  the  dorsalis  pedis  artery, 
is  absent  or  nearly  so.  There  are  no  sensory  changes,  the  reflexes  are 
normal,  and,  except  during  the  paroxysms,  the  motor  power  of  the 
limbs  is  unimpaired.  Goldflam's  sign  can  often  be  elicited,  consisting 
in  marked  pallor  of  the  foot,  and  sometimes  of  the  lower  part  of  the 
leg,  when  the  patient,  lying  horizontal,  with  the  leg  extended,  repeatedly 
raises  it  at  the  hip- joint.  All  these  phenomena  appear  to  be  the 
results  of  a  temporary  spasm  of  the  arteries  of  the  limb  (the  arteries 
themselves  often  being  already  narrowed  by  arterio-sclerosis),  so  that 
during  walking  an  increased  blood-supply  to  the  muscles  is  not  forth- 
coming, hence  there  result  temporary  ischaemia,  pain  and  weakness 
in  the  affected  muscles.  In  rare  instances  similar  phenomeiw  have 
been  observed  in  the  arms. 
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Intermittent  spinal  claudication,  due  to  spasm  of  the  arteries  of 
the  sj)inal  cord,  also  occurs.  As  in  peripheral  claudication,  the 
symptoms  occur  on  exertion.  As  a  rule  one  leg  is  affected  sooner 
than  the  other,  and  the  malady  may  even  remain  unilateral  for  months 
or  years.  After  walking  a  certain  distance,  say  a  mile  or  two,  the 
})atient  develops  temporary  asymmetrical  weakness  of  the  lower  limbs, 
of  spastic  type,  with  exaggerated  deep  reflexes,  extensor  plantar 
responses  and  delay  or  precipitancy  of  micturition.  As  the  malady 
progresses,  the  amount  of  exertion  necessary  to  induce  the  symptoms 
becomes  less  and  less,  until  the  patient  becomes  unable  to  walk  more 
than  a  few  steps  without  developing  spastic  paraplegia.  Moreover, 
the  spinal  arteries  ultimately  undergo  organic  obstruction  by  arteritis 
(often  of  syphilitic  origin),  producing  not  merely  intermittent,  but 
permanent  spastic  paraplegia.  The  condition  is  distinguished  from 
intermittent  arterial  claudication  by  the  absence  of  coldness  or  blueness 
of  the  feet,  by  the  occurrence  of  a  sensation  of  heaviness  rather  than 
pain  in  the  limbs,  by  the  alteration  of  the  reflexes  and  by  the  bladder 
affection. 

Cases  also  occur  in  which  a  hemiplegia,  partial  or  complete,  some- 
times accompanied  by  aphasia,  occurs  in  an  elderly  patient,  indis- 
tinguishable at  first  from  an  ordinary  cerebral  haemorrhage  or  throm- 
bosis. But  within  a  few  hours  all  the  hemiplegic  phenomena  disappear 
suddenly,  leaving  the  patient  apparently  normal.  The  patient  may 
have  a  series  of  sucli  attacks  of  transient  hemiplegia  at  intervals  of  days, 
weeks  or  months.  F(5r  over  three  years  I  watched  the  case  of  an  elderly 
cabman  who  had  numerous  attacks  of  left  hemiplegia  lasting  for  a 
day  or  so,  leaving  him  absolutely  well  in  the  intervals.  Another  case  of 
mine  was  in  a  vigorous  business  man,  aged  fifty-one,  who  had  frequent 
attacks  of  temporary  aphasia  with  right  hemiplegia.  Similar  cases 
have  also  been  recorded  by  Grasset^  and  by  Langwill.2  Such  cases 
may  be  termed  angio-spastic  hemiplegia  or  intermittent  cerebral 
claudication,  and  are  probably  due  to  temporary  spasm  of  one  middle 
cerebral  artery,  analogous  to  the  spasm  of  peripheral  vessels  in  inter- 
mittent limp.  They  must  be  carefully  distinguished  from  the  transient 
hemiplegia  which  is  not  uncommon  in  general  paralysis  of  the  insane. 
Sometimes  these  transient  attacks  culminate  in  a  final  attack  of 
hemiplegia  which  does  not  clear  up,  but  remains  permanent,  due  to 
actual  arterial  thrombosis.^  In  the  business  man  above  referred  to, 
this  occurred  two  and  a  half  years  after  the  first  attack  of  his  series. 

Amongst  the  transient  paralyses  we  must  also  bear  in  mind  the 
various  craft-palsies,  professional  cramps,  or  occupation  neuroses,  in 

^  Revue  neurologique,  May  30,  1906. 

2  Scottifth  Medical  and  Surgical  Journal,  June,  1906. 

^  See  a  case  by  Hunter  and  Robertson,  Review  of  Neurol,  and  Psych.,  1913,  ji.  419. 
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which  the  limb  is  normal  for  all  motor  actions  except  one  particular 
movement— often,  unfortunately,  the  one  on  which  the  patient's 
livelihood  depends.  The  commonest  variety  is  the  so-calle<l  writer's 
cramp  or  scrivener's  palsy,  though  we  also  meet  with  similar  conditions 
in  the  cramp  of  pianists,  violinists,  telegraphists,typi8ts,  tailor's  cutters, 
hair -cutters,  hammer- men,  cow -milkers,  watch-makers,  harpists, 
cigarette-makers,  sempstresses,  and  so  on.  The  cramp  comes  on,  not 
during  the  period  when  the  sufferer  is  learning  his  occupation,  but  after 
he  has  become  an  expert  and  requires  to  perform  the  particular  skilled 
movement  repeatedly  over  prolonged  periods.  For  all  other  move- 
ments except  that  particular  one  the  limb  is  normal.  Thus  in  writer's 
cramp  the  patient  can  use  his  hand  normally  for  piano-playing  or  for 
grasping  and  using  a  heavy  tool.  This  is  because  the  weakness  is  not 
due  to  muscular,  but  to  cerebral  fatigue.  A  professional  cramp  does 
not  appear  in  its  fully  developed  form  at  first,  but  passes  through 
different  stages  of  severity.  In  the  slightest  variety  there  is  simply 
a  degree  of  stiffness  or  spasm  in  performing  the  act,  with  a  subjective 
sensation  of  pain  and  of  intense  mental  discomfort  and  fatigue.  In 
other  cases  a  temporary  paralysis  appears  when  the  patient  attempts 
to  write,  so  that  the  pen  can  no  longer  be  held  in  the  hand.  In  still 
more  severe  cases  tremor  is  superadded  to  spasju  in  the  affected 
muscles.  The  diagnosis  is  easy,  inasmuch  as  the  phenomena,  whether 
spastic  or  paralytic,  or  perhaps  a  combination  of  both,  only  supervene 
when  the  one  skilled  motor  action  is  performed,  and  the  same  muscles 
can  be  used  for  all  other  actions  without  pain,  spasm  or  weakness. 

There  is  also  a  curious  hereditary  disease  known  as  "family  periodic 
paralysis.**  This  malady  may  run  through  several  successive  generations 
of  the  same  family,  attacking  one  or  more  members  of  the  same  genera- 
tion. Males  and  females  are  both  liable.  The  patient,  who  is  other- 
wise apparently  healthy,  has  attacks  of  flaccid  paralysis  of  all  four 
limbs,  recurring  irregularly  without  apparent  exciting  cause.  The 
duration  of  a  paroxysm  varies  from  a  few  hours  up  to  two  or  three  days. 
The  attacks  generally  come  on  during  the  night  when  the  patient 
is  in  bed.  He  wakes  up  and  finds  himself  more  or  less  widely  para- 
lysed. First  the  legs  are  affected,  later  the  arms,  and  last  of  all  the 
muscles  of  the  trunk  and  neck.  The  cranial  nerves  usually  escape. 
In  the  limbs  the  paralysis  starts  proximally,  and  the  distal  parts  are 
affected  last,  so  that  the  patient  may  still  be  able  to  move  his  toes 
and  fingers  when  he  has  lost  all  power  in  the  hips  and  shoulders.  In 
severe  cases  the  intercostal  muscles  may  also  be  paralysed.  Most 
striking  of  all  is  the  fact  that  during  these  paroxysms  of  flaccid  palsy 
the  affected  muscles  lose,  for  the  time,  their  excitability  to  faradic, 
galvanic,  or  mechanical  stimulation  (cadaveric  reaction),  and  all  the 
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reflexes  in  the  affected  limbs  disappear.  Seasation  is  unimpaired,  and 
the  sphincters  are  unaffected.  An  additional  point  is  that  during  the 
paroxysm  the  left  ventricle  becomes  temporarily  dilated,  as  can  be 
proved  by  percussion  and  occasionally  by  the  appearance  of  a  systolic 
mitral  bruit.  The  muscular  paralysis  passes  off  in  the  reverse  order  to 
that  in  which  it  came  on.  The  toes  and  fingers  recover  before  the 
proximal  muscles,  and  the  muscles  earliest  attacked  are  the  last  to 
recover.  The  patient  then  remains  apparently  normal  until  his  next 
attack,  weeks  or  months  later. 

Sudden  attacks  of  hemiplegia  may  also  occur  in  general  paralysis 
of  the  insane,  constituting  a  variety  of  so-called  "  congestive  attacks." 
But  although  the  patient  may  recover  rapidly  from  his  hemiplegia, 
often  within  a  few  days,  he  is  not  a  normal  individual,  for  careful  physi- 
cal examination  will  always  reveal  evidences  of  the  disease,  mental  or 
physical,  e.g.  facial  tremors,  pupillary  changes,  or,  most  constant  of  all, 
lymphocytosis  of  the  cerebro-spinal  fluid. 

Amongst  other  transient  affections  we  may  mention  those  of 
muscular  cramp  and  of  tetany.  The  conditions  are  easily  recognised, 
and  may  temporarily  interfere  with  the  movements  of  the  affected 
limbs.  Both  are  painful  affections,  tetany  being  most  commonly  seen 
in  infants,  whilst  cramp  is  most  often  met  with  in  healthy  adolescents 
or  adults  who  have  been  performing  some  unwonted  prolonged  muscular 
effort.  Cramp  is  also  a  distressing  symptom  in  cholera,  in  some  cases 
of  diabetes,  and  occasionally  in^^xophthalmic  goitre.  Tetany  is 
generally  bilateral,  and  produces  a  characteristic  posture  of  the  hands 
and  feet  (see  Fig.  39,  p.  75). 

Occasionally  we  see  patients  who  complain  that  their  legs  suddenly 
give  way  in  the  street,  causing  them  to  fall.  This  may  be  due  to 
various  causes.  For  example,  it  is  a  not  uncommon  symptom  in  tabes. 
The  tabetic  patient  often  has  hypotonia  of  the  muscles  about  the 
knees  and  also  deficient  joint-sense,  a  combination  of  phenomena  which 
may  make  him  fall  unexpectedly.  In  such  a  case  the  condition  of  the 
deep  reflexes,  the  state  of  the  pupils,  and  the  other  phenomena  of  tabes 
render  the  diagnosis  easy.  Other  cases  of  sudden  falling  are  due  to 
minor  epilepsy,  where  the  patient  has  an  attack  of  momentary  un- 
consciousness during  which  he  falls,  but  recovers  consciousness  at  once 
and  gets  up  again,  not  knowing  why  he  has  fallen.  Here  the  diagnosis 
will  depend  on  the  observation  of  other  epileptiform  attacks,  major 
or  minor.  We  should  particularly  inquire  for  the  occurrence  of  sudden 
pallor  of  the  face  or  fixity  of  expression,  indicating  a  passing  attack 
of  petit  mal,  too  slight,  perhaps,  to  produce  a  fall. 

In  other  cases,  again,  we  have  to  do  with  sudden  vertigo,  as    in 
Meniere's  disease,  causing  the  patient  to  fall.     Such  cases  are  distin- 
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guished  from  petit  mal  by  the  concomitant  auditory  phenomena 
(see  p.  156),  and  by  the  fact  that  they  are  not  associated  with  loss  of 
consciousness. 

Sudden  weakness  of  a  limb  may  occur  in  hysteria,  especially  after 
some  emotional  shock.  Hysterical  paralysis  may  persist  for  variable 
periods  of  time,  varying  from  a  few  hours  to  many  weeks  or  months. 
The  paralysis  not  uncommonly  passes  off  as  suddenly  as  it  came  on, 
sometimes  under  emotional  or  religious  excitement,  under  hypnotic 
suggestion,  or  under  energetic  stimulation,  electric  or  thermal,  for 
example,  that  of  a  Pacquelin  cautery.  Hysterical  paralysis  never 
attacks  a  single  muscle,  but  always  a  group  of  muscles.  It  is  never 
accompanied  by  reactions  of  degeneration,  no  matter  how  much  the 
hysterical  limb  may  be  wasted.  We  diagnose  hysteria  by  a  process 
of  exclusion,  noting  not  only  the  absence  of  certain  signs  of  organic 
disease,  but  looking  also  for  the  presence  of  various  hysterical 
phenomena,  to  which  we  shall  refer  later. 

But  we  must  not  forget  that  in  many  cases  of  apparently  hysterical 
and  transient  paralysis  in  young  women,  the  patient  after  one  or  more 
of  such  attacks  may  afterwards  develop  the  signs  of  disseminated 
sclerosis.  The  onset  of  disseminated  sclerosis  may  be  indistinguish- 
able from  an  attack  of  hysterical  paralysis;  the  weakness  of  the  limb 
in  both  diseases  may  be  transient  and  may  apparently  clear  up  com- 
pletely for  a  time.  But  a  series  of  such  attacks  should  always  raise 
in  our  minds  the  suspicion  of  an  underlying  disseminated  sclerosis  and 
should  make  us  give  a  guarded  prognosis,  especially  if  the  patient  has 
had  more  than  one  attack  of  weakness,  not  necessarily  in  the  same 
limb.  We  should  pay  particular  attention  to  the  optic  discs  and  to 
the  condition  of  the  abdominal  reflexes.  Early  optic  atrophy  will 
exclude  mere  hysteria,  so  also  will  an  extensor  plantar  reflex  or 
anything  approaching  a  true  nystagmus.  In  fact,  the  disease  which 
is  most  often  wrongly  diagnosed  as  hysteria  is  incipient  disseminated 
sclerosis. 


CHAPTER  XVI 

INCO-O.EDINATION 

A  NEWLY- BORN  child  cannot  co-ordinate  the  movements  of  its  limbs. 
Certain  co-ordinated  vital  actions,  such  as  sucking,  swallowing, 
respiration,  etc.,  are  performed  well  from  birth,  but  in  an  infant's  limbs 
the  movements  are  mostly  of  an  aimless,  restless  character,  with  the 
exception,  perhaps,  of  grasping  movements  of  the  hands.  And  even 
these  latter  differ  from  the  co-ordinated  grasp  of  later  life,  inasmuch 
as  the  infant's  thumb  is  hardly  used  at  all  for  opposition,  and  the 
flexion  movement  of  the  fingers  occurs  chiefly  when  some  object  comes 
in  contact  with  the  hand,  the  movement  being  reflex  rather  than 
voluntary. 

The  child  only  learns  after  long  practice  to  use  its  muscles  in  such 
a  fashion  as  to  produce  properly  co-ordinated  movements  of  the  limbs. 
Walking,  writing,  swimming,  the  playing  of  any  game,  are  all  performed 
awkwardly  at  first.  Skill  is  at  last  attained  by  frequent  repetition, 
and  once  a  co-ordinated  action  has  been  thoroughly  learned,  the  effort 
for  its  performance  becomes  infinitesimal,  so  that  in  the  course  of  time 
it  is  performed  more  or  less  automatically. 

Every  co-ordinated  action  involves  contraction  not  only  of  the 
so-called  prime-movers,  but  of  their  antagonists,  and  if  these  two  groups 
are  not  properly  balanced,  the  attempted  movement  is  awkward  and 
jerky.  This  condition  occurs  in  a  nimiber  of  diseases,  and  is  termed 
^tttvia  nr  inco-ordiiiat|oiL.  This  means-eluBasiiiess,  unsteadiness,  or 
awkwardness  in  the  j^p^f nr^i an r^  of  mvy^"i''F'i^f  in  a  non-pafalysed 
patient  who  was  prftvionsly  ahU  tn  pypp nto  theseJiiQvwnents  in  oarmal 
Jas^jxMit-- 

In  testing  for  ataxia  of  the  upper  limbs,  we  ask  the  patient  to 
perform  such  an  action  as  picking  up  a  small  object,  say  a  pin,  from  a 
smooth  surface.  If  he  is  ataxic,  he  fumbles  during  the  attempt,  or 
may  perhaps  pounce  on  the  object  in  a  sudden,  jerky  fashion.  Another 
useful  test  is  to  ask  the  patient  to  lift  a  brimming  glass  of  water  to  his 
lips  and  notice  whether  he  spills  it.  Or  we  may  ask  him  to  touch 
rapidly  the  tip  of  his  nose  with  each  index  finger  in  succession.  If  he 
is  ataxic,  his  finger  misses  his  nose  by  a  greater  or  smaller  interval,  or, 
on  reaching  it,  the  finger  shows  additional  oscillatory  movenxents. 
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Other  good  tests  for  ataxia  are  to  make  the  patient  button  or  imbutton 
his  coat  or  collar,  or  to  write  with  a  fine-pointed  pen.  In  every  case 
we  should  observe  whether  the  unsteadiness  is  increased  or  unchanged 
when  the  patient  shuts  his  eyes.  Slight  degrees  of  ataxia  due  to 
seasory  impairment  may  be  noticeable  only  when  the  patient  is  deprived 
of  the  help  of  his  visual  impressions. 

In  the  case  of  the  lower  limbs  we  detect  moderately  severe  ataxia 
by  observing  the  patient's  gait,  asking  him  to  walk  "  heel-and-toe" 
along  a  straight  line,  then  to  turn  sharply  and  come  back.  In  well- 
marked  '""^mntrr  -itiiTJi  the  gait  is  broad-based,  the  feet  are  lifted 
too  high  and  the  heels  are  brought  down  with  a  stamp.  In  cerebellar 
disease,  on  the  other  hand,  the  patient  reels  or  lurches  along,  being 
especially  unsteady  when  turning  round  (see  later,  "  Postures  and 
Gaits  ").  To  detect  ataxia  of  a  single  lower  limb,  we  ask  the  patient 
to  place  one  heel  on  the  opposite  knee,  or  to  trace  with  one  foot  a  circle 
or  some  other  pattern  on  the  floor,  or  we  ask  him  when  lying  down  to 
touch  with  his  toe  our  own  finger  held  in  the  air.  And  here  also,  in 
ataxia  of  the  lower  limbs,  we  should  always  note  whether  the  patient's 
unsteadiness  is  increased  or  unchanged  by  shutting  the  eyes.  In  tabetic 
ataxia  of  the  lower  limbs,  the  unsteadiness  is  increased  when  the  eyes 
are  shut.  Pnmhprft'fj  fiipi  copsjsf.s  in  the  tendencv  of  a  t^t'«^"^v  ^^" 
can  stand  steadily  with  the  eyes  open,  to  fall  when  he  closes  them. 
Thus  an  early  sign  of  tabes  is  the  s(>-(  all -d  "  "'ihh'^''"""  "  liijUii  "'^"'•" 
the  patient  falls  into  his  basin  when  wasliiug  his  face.  A  minor  degree 
of  Romberg's  sign  can  often  be  detected  in  the  earlier  stages  of  tabes, 
where  the  patient  is  still  able  to  stand  with  the  eyes  shut,  but  the  ten- 
dons on  the  dorsum  of  the  foot  are  seen  to  exhibit  irregular  restless 
contractions,  the  so-called  " ^ntiff-  /jgg  /^ii-^Zni^.^ 

"~~~~Ataxia  of  the  bulbar  muscles  has  already  been  referred  to  (see 
Dysarthria,  p.  109).  As  to  ataxia  of  the  muscles  of  the  trunk,  its 
diagnostic  significance  is  less  than  that  of  the  limbs,  inasmuch  as  by 
the  time  that  the  trunk  muscles  are  recognisably  ataxic,  the  limbs 
already  show  very  marked  unsteadiness.  Ataxia  of  the  head  and 
trunk  muscles  is  evidenced  by  swaying  movements  when  the  patient 
sits  up. 

Having  detected  ataxia  in  the  movements  of  any  limb,  we  must 
always  determine  the  condition  of  the  sensory  impulses  from  that 
limb,  testing  not  only  the  various  forms  of  cutaneous  sensibility,  but 
also  the  deep  sensations,  especially  the  kinaesthetic  sense  and,  still 
more  important,  the  joint  sense.  Finally,  we  must  determine  the 
condition  of  the  deep  reflexes,  noting  their  exaggeration  as  ni  dis- 
seminated sclerosis,  or  their  abolition  as  in  tabes  or  in  Friedreich's 
ataxia.     We  also  note  the  type  of  plantar  reflexes. 
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The  commonest  variety  of  ataxia  is  that  due  to  deficiency  of 
peripheral  impressions — not  so  much  from  the  skin  as  from  the  deeper 
structures,  the  muscles  and  joints.  Thus  in  lesions  of  'peripJiernl 
sensory  nerves  an  anaesthetic  limb  is  often  ataxic.  Division  of  the 
posterior  roots  of  the  brachial  plexus,  the  anterior  roots  remaining  intact, 
causes  marked  ataxia  of  the  upper  limb.  In  fact,  such  a  patient  may 
be  totally  unable  to  move  the  limb  if  his  eyes  are  closed,  so  that  he  no 
longer  has  the  guiding  influence  of  vision.  Degeneration  of  the  posterior 
roots  and  posterior  columns,  as  in  tabes,  produces  marked  ataxia,  A 
tabetic  patient  is  ataxic  because  of  deficiency  of  afferent  im})ressions, 
more  especially  from  his  muscles  and  from  his  joints.  If  the  muscle- 
tonus  is  lost  and  the  muscles  are  hypotonic,  as  in  many  cases  of  tabes, 
the  patient  has,  as  it  were,  to  "  pull  in  the  slack"  before  the  muscles 
come  into  proper  play,  thereby  making  the  movement  jerky,  in- 
harmonious, and  flail-like.  Joint  sense  being  impaired,  he  has  to 
perform  an  exaggerated  movement  in  order  to  get  the  sensation  of 
having  moved  the  joint  at  all.  Thus  in  walking,  when  he  lifts  his  leg, 
owing  to  want  of  proper  joint  sense,  he  throws  the  limb  up  with 
abnormal  suddenness  and  to  an  unnecessary  height  in  order  to  gain 
the  sensation  of  flexion  of  the  joint.  He  then  stamps  it  down  with 
excessive  emphasis  to  make  sure  that  it  really  is  extended.  Such  a 
patient  with  ataxia  of  sensory  origin  compensates  for  the  deficiency  of 
sensory  impressions  from  his  limbs  by  means  of  his  vision.  When 
watching  his  partially  anaesthetic  limbs,  he  can  control  them  better. 
Hence  if  he  closes  his  eyes,  the  regulating  influence  of  vision  is  lost 
and  he  becomes  much  more  ataxic.  This  is  the  explanation  of 
Romberg's  sign  in  tabes. 

Ataxia  similar  to  that  of  tabes  also  occurs  in  other  organic  cord 
lesions  implicating  the  posterior  columns,  as,  for  instance,  in  tumours 
or  chronic  sclerosis  of  the  posterior  columns,  whether  combined  or  not 
with  lateral  sclerosis — e.g.  some  cases  of  disseminated  sclerosis  or  spinal 
syphilis.  In  such  diseases  the  other  signs  and  symptoms  guide  us  to 
a  correct  diagnosis. 

Ataxia  combined  with  spasticity  occurs  in  the  early  stage  of  sub- 
acute combined  degeneration  of  the  spinal  cord,  generally  a  disease  of 
middle  life.  This  disease  occurs  chiefly  in  conditions  of  profomid 
anaemia.  In  the  first  stage  of  the  malady  joint  sense  is  lost  and  there 
are  subjective  sensations  of  tingling  in  the  lower  limbs,  not  unlike 
those  of  tabes,  but  with  increased  knee-jerks  and  extensor  plantar 
reflexes.  Vibration  sense  in  the  bones  of  the  lower  limbs  is  lost  long 
before  any  cutaneous  anaesthesia  develops.  After  lasting  for  weeks  or 
months  the  disease  then  changes  its  type,  and  in  this  second  stage  the 
spastic  paraplegia  becomes  severe  and  marked  anaesthesia  develops  in 
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the  lower  limbs  and  truuk.  Lastly,  and  usually  abruptly,  within  a 
few  days  the  type  changes  once  more,  and  there  is  a  terminal  stage  of 
flaccid  paraplegia  lasting  a  few  weeks,  with  absolute  anaesthesia  of  the 
lower  limbs  and  trunk,  loss  of  the  knee-jerks,  the  plantar  reflexes 
remaining  extensor  in  type.  The  paralysed  muscles  rapidly  waste  and 
lose  their  faradic  excitability.  The  bladder  and  rectum  are  uncon- 
trolled, and  the  lower  limbs  become  oedematous.  The  whole  disease 
from  start  to  finish  lasts  about  two  or  three  years. 

Vestibular  Ataxia.— A  highly  characteristic  disorder  of  co-ordina- 
tion appears  temporarily  in  healthy  individuals  during  the  transient 
vestibular  nystagmus  produced,  according  to  Barany's  method,  by 
syringing  the  external  auditory  meatus  with  cold  or  hot  water,  by 
rotating  the  patient  in  a  revolving  chair,  or  by  the  stimulation  of  a 
galvanic  current  transmitted  between  the  two  mastoid  processes. 
The  effect  produced  is  known  as  Barany's  "  vorbei-zeigen,"  signifying 
deviation  or  misdirection  in  pointing  to  an  object.  It  is  elicited  as 
follows: — The  patient,  with  closed  eyes,  touches  the  physician's  finger 
held  steadily  in  front  of  hini.  He  is  now  directed,  without  opening  his 
eyes,  to  drop  his  arm  vertically  and  to  come  up  again,  so  as  once  more 
to  touch  the  physician's  finger,  which  forms  the  target.  A  normal 
person  should  succeed  in  touching  the  target  with  his  eyes  closed,  on 
testing  with  either  hand.  The  experiment  is  then  repeated,  but  this 
time  the  patient  approaches  the  target  along  a  horizontal  plane,  from 
side  to  side.  Here  also  the  normal  person  succeeds  without  difficulty 
with  either  hand.  After  these  preliminaries,  by  syringing  the  left  ear 
with  cold  water  (the  patient  meantime  lying  on  his  back),  we  now 
proceed  to  induce  a  horizontal  nystagmus  in  the  patient  when  he  looks 
towards  the  right.  When  we  try  the  pointing  tests  again,  we  now 
find  deviation  or  mispointing  (vorbei-zeigen)  of  all  the  patient's  limbs 
towards  the  left,  so  that  the  patient's  finger  passes  to  the  left  of  the 
target  by  several  inches,  i.e.  he  misses  towards  the  direction  of  the  slow 
phase  of  the  nystagmus.  If  we  produce  a  vestibular  nystagmus  oa 
looking  downwards  (the  slow  phase  being  upwards),  we  have  deviation 
of  all  the  limbs  in  an  upward  direction.  If  we  produce  a  rotatory 
nystagmus  on  looking  to  the  right,  the  left  arm  shows  deviation  down- 
wards, whilst  the  right  arm  deviates  upwards,  on  testing  in  the 
horizontal  or  side-to-side  plane. 

This  mispointing  or  "  vorbei-zeigen  "  depends  not  only  on  the  nystagmus, 
but  also  on  the  position  of  the  head.  By  changing  the  posture  of  the  head 
we  can  correspondingly  alter  the  plane  of  deviation.  Thus,  during  a 
horizontal  nystagmus  towards  theright,  if  the  head  be  suddenly  bent  through 
a  right  angle  on  to  the  right  shoulder,  the  deviation  to  the  left  disaj)pears 
and  is  replaced  by  deviation  upwards.  Again,  iluring  a  rotatory  nystagmus 
towards  the  right,  if  we  rotate  the  head  around  a  vertical  axis  through  a 
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right  angle  towards  the  right,  the  deviation  in  the  frontal  plane  disappears, 
and  is  replaced  by  deviation  in  the  mesial  plane,  so  that  both  arms  deviate 
downwards/ 

A  patient  may  be  ataxic  when  all  his  peripheral  sensations  are 
normal.     This  occurs  in  the  different  varieties  of  cerebellar  ataxia 

Let  us  take,  for  example,  Fried- 
reich's ataxia,  a  developmental 
disease  affecting  mainly  the  afferent 
tracts  in  the  postero-lateral  columns 
of  the  cord  leading  upwards  to  the 
cerebellum,  which  is  the  centre  for 
automatic  co-ordination  (the  cere- 
bellum itself  being  intact).  In 
Friedreich's  ataxia  the  patient  be- 
comes ataxic,  as  in  tabes,  but  in  the 
early  stages  of  the  disease  there 
may  be  no  sensory  loss  of  any  kind. 
The  ataxia  is  unaffected  by  closing 
the  eyes. 

As  the  disease  advances  and  the 
degeneration  of  the  posterior  columns 
becomes  more  profound,  those  sensory 
impressions  which  run  upwards  in 
the  posterior  columns  {i.e.  joint-sense, 
kinfesthetic  sense,  and  vibration  sense) 
become  lost,  and  slight  tactile  loss 
occurs  in  the  distal  portions  of  the 
limbs,  the  lower  limbs  being  earlier 
and  more  severely  affected  than  the 
upper,  whilst  sensibility  to  temjjerature 
and  pain,  running  upwards  in  the 
lateral  colunms,  remains  unimpaired  to 
the  end.^ 

The  age  of  the  jjaticut,  who  is 
commonly  an  adolescent,  the  pre- 
sence of  scoliosis,  of  manus  cava,  and 
of  pes  cavus  (Figs.  122  and  123),  the 
FiQ.  122.— Friedreich's  ataxia.  Showing  normal  pupillary  reactions,  the  pre- 
sence of  nystagmus,  the  absence  of 
lightning  pains  or  of  bladder  trouble,  all  serve  to  distinguish  this  disease 
from  tabes,  though  in  both  diseases  the  deep  reflexes  are  absent.  The 
plantar  reflexes  in  tabes  are  flexor  in  type,  whilst  in  Friedreich's  ataxia 
they  are  of  the  extensor  variety,  and  associated  with  well-marked 
"  defensive  reflexes." 

i  Barany,  Wiener  klin.  Wocheiisch.,  lU  12,  pp.  2033-38. 
3  Saundera,  Brain,  vol.  zxxvi.,  1913,  p.  163. 


INCOORDINATION  257 

Well-marked  ataxia  combined  with  muscular  atrophy,  absence  of 
deep  reflexes,  and  deformity  of  the  feet  and  hands,  also  occur  in  family 
progressive  hypertrophic  neuritis  (see  above,  p.  222).  In  this  disease, 
however,  unlike  Friedreich's  ataxia,  we  never  have  an  extensor  plantar 
reflex,  whilst  from  the  start  there  are  well-marked  sensory  changes  in 
the  limbs. 


Fig.  123. — Friedreich's  ataxia.     Showing  pes  cavus  and  manns  cava. 

Ataxia  also  occurs  in  certain  localised  lesions  of  the  medulla  oblon- 
gata. Thus,  for  example,  a  unilateral  lesion  may  interrupt  the  fibres 
of  the  direct  cerebellar  tract  and  thereby  interfere  with  co-ordination 
of  the  ipso-lateral  limbs.  Such  a  lesion  (commonly  the  result  of 
thrombosis  of  the  posterior  inferior  cerebdlar  artery),  which  usually  inter- 
rupts at  the  same  time  the  fibres  of  Gowers'  tract,  may  extend  inwards 
to  implicate  the  inter-olivary  arcuate  fibres  and  the  fillet,  together  with 
the  nuclei  of  the  lower  cranial  nerves.  It  produces  a  characteristic 
unilateral  bulbar  syndrome.^     The  symptoms  are  as  follows: — From 

1  Babiaski  and  Nageotte,  Bevue  neurologique,  1902,  p.  358. 
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interruption  of  the  cerebellar  afferent  fibres  there  is  ataxia  (or  asynergia) 
of  the  ipso-lateral  limbs.  From  interference  with  the  tract  for  pain 
and  temperature  we  have  a  "  dissociated"  anaesthesia,  viz.  analgesia 
and  therm-anaesthesia  of  the  opposite  side  of  the  body  (see  Fig.  12, 
p.  15).  From  interference  with  the  oculo-pupillary  centre  in  the  bulb 
there  is  myosis  and  pseudo-ptosis  (see  later,  "  Cervical  Sympathetic 
Paralysis,"  p.  3il),  and  there  may  be  difficulty  of  deglutition  due 
to  affection  of  the  cranial  nerve  nuclei.  If  the  lesion  extends  forwards 
to  implicate  the  pyramid  of  the  same  side,  there  is  hemiplegia  of  the 
contra-lateral  arm  and  leg. 

Marie  8  hereditary  cerebellar  ataxia,  ascribed  to  primary  parenchy- 
matous degeneration  of  the  cerebellum  itself,  is  somewhat  similar  to 
Freidreich's  ataxia,  but  there  is  no  loss  of  knee-jerks  or  affection  of 
plantar  reflexes,  scoliosis  does  not  occur,  nor  pes  cavus,  and  the  age 
of  onset  is  somewhat  later.     Optic  atrophy  is  fairly  common. 

Cerebellar  ataxia  also  occurs  in  cerebellar  tumours,  in  wounds  or 
vascular  lesions  of  the  cerebellum,  in  disseminated  sclerosis  affecting 
the  cerebellum  or  its  peduncles,  in  cerebellar  abscess,  in  encephalitis 
of  the  cerebellar  cortex,  an  acute  disease  of  febrile  onset  which  is  some- 
times met  with,  chiefly  in  children ;  and  it  occurs  occasionally  in  old 
age  as  the  result  of  a  primary  senile  atrophy  of  the  cerebellar  cortex, 
especially  affecting  the  Purkinje  cells.^ 

Olivo-ponto-cerebellar  atrophy,  described  originally  by  Dejerine 
and  Thomas,  is  a  disease  in  which  there  is  a  primary  atrophy  of  the 
cerebellar  cortex,  the  bulbar  olives,  the  grey  matter  of  the  pons,  the 
middle  cerebellar  peduncles,  and  sometimes  the  restiform  bodies. 
Clinically  there  is  marked  ataxia  or  asynergia  of  cerebellar  type,  usually 
with  nystagmus.  The  disease  does  not  run  in  families,  and  its  onset 
is  in  advanced  life,  usually  after  the  age  of  sixty. 

Cerebellar  ataxia  or  asynergia  differs  in  several  important  respects 
from  the  ataxia  due  to  deficient  sensory  impressions.  There  is  no 
impairment  of  joint  sense  nor  of  kinsesthetic  sense,  as  in  the  ordinary 
tabetic;  in  fact,  in  pure  cerebellar  disease  there  is  no  sensory  impair- 
ment whatever. 

A  fundamental  character  of  cerebellar  ataxia  is  its  asynergia.  This 
consists  in  a  want  of  synchronism  at  the  different  joints  during  a  co- 
ordinated movement,  so  that  the  patient  ' '  decomposes ' '  it  into  its 
separate  elements.  Thus,  on  performing  the  heel-knee  test,  instead 
of  the  hip,  knee,  and  ankle  becoming  flexed  simultaneously  and 
harmoniously,  the  various  joints  move  separately,  lagging  behind  each 
other,  so  that  the  hip  starts  off  with  energetic  flexion,  whilst  there  is  yet 
no  appreciable  flexion  of  the  knee,  the  distal  part  of  the  limb  remaining 

^  Rossi,  Nouvelle  Iconographie  de  la  Salpitriire,  No.  1, 1907. 
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inert;  then  with  a  second  movement  he  flexes  the  knee.  Cerebellar 
asynergia  is  well  seen  in  the  typical  cerebellar  gait  of  diseases  of  the 
vermis,  in  which  the  patient,  although  his  muscular  power  is  unim- 
paired, cannot  walk  alone.  When  supported  on  both  sides,  he  starts 
off  with  his  lower  limbs,  with  the  characteristic  over-action  or_  hyper- 
rnpit.pfl.  ahnvA  described.  Meanwhile  his  trunk,  instead  of  inclining 
forwards,  in  harmony  with  the  advancing  legs,  remains  vertical,  or 
even  inclines  slightly  backwards,  so  that,  when  the  advancing  lower 
limb  reaches  the  ground,  the  body  as  a  whole  lags  behind  and  tends  to 
fall  backwards, i.e. there  is  relative  inertia  of  the  trunk  during  movement 
of  the  lower  limbs.  Hence  the  patient  reels  like  a  drunken  man,  yet 
without  the  stamping  of  the  true  tabetic.  True  cerebellar  ataxia, 
unlike  the  ataxia  of  tabes  dorsalis,  is  uninfluenced  by  closure  of  the 
eyes. 

Rapid  voluntary  movements  in  cerebellar  disease  are,  as  Babinski 
has  pointed  out,  badly  estimated  as  regards  their  range  {mcuvements 
dernesures),  so  that  the  patient  cannot  arrest  them  at  a  given  point. 
Thus  when  attempting  the  finger-nose  test,  the  patient's  finger  reaches 
his  nose  but  cannot  be  stopped  there ;  the  movement  continues,  and  the 
finger  pitches  heavily  on  the  nose,  and  may  plunge  past  it  on  to  the 
cheek.  Similarly,  in  the  heel-knee  test,  the  heel  overshoots  the  opposite 
knee,  landing  above  the  patella.  Again,  if  the  physician  draws  a 
vertical  line  on  a  sheet  of  paper  and  then  asks  the  patient  to  draw  a 
series  of  horizontal  lines  quickly  across  the  paper  (say  from  left  to  right), 
all  stopping  exactly  at  the  vertical,  the  cerebellar  patient  overshoots 
the  vertical  line.  Less  commonly  he  under-estimates  the  range  of 
movement  required  by  the  affected  limb,  and  stops  short  before  reach- 
ing the  mark,  finally  swooping  down  on  it  with  excessive  force.  The 
overshooting  of  the  mark  in  cerebellar  disease  is  termed  hyper-metria. 
It  is  unaffected  by  closing  the  eyes,  unlike  tabetic  ataxia. 

A  third  characteristic  of  cerebellar  unsteadiness  is  dys-diadoco- 
,  kine^ia.  This  means  the  diminution  or  loss  of  the  power  to  exeuill*^ 
in  rapid  succession  a  series  of  antagonistic  movements.  If  we  make  a 
patient  perform  a  series  of  rapid  alternate  pronation-supination  move- 
ments of  the  forearm,  an  individual  with  cerebellar  disease  performs 
the  action  twice  or  thrice  as  slowly  as  in  health,  the  interval  between 
the  two  alternate  movements  being  prolonged. 

In  unilateral  cerebellar  disease  we  have  hemi-asynergia  and  hemi- 
hyper-metria  of  the  ipso-lateral  limbs,  most  conveniently  recognised  by 
the  heel-knee  test,  whilst  the  dys-diadocokinesia  is  also  unilateral, 
being  confined  to  the  ipso-lateral  upper  limb. 

Less  frequently,  in  pure  cerebellar  lesions,  chiefly  in  their  later 
stages,  we  meet  with  intention-tremors  similar  to  those  of  disseminated 
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sclerosis.  (It  is,  in  fact,  probable  that  the  intention-tremor  of  dis- 
seminated sclerosis  is  of  cerebellar  origin.)  Intention- tremor  is  absent 
at  rest,  and  occurs  only  on  voluntary  movement;  the  coarseness  of 
its  excursion  depends  on  the  extent  to  which  the  limb  is  outstretched. 
It  is  best  demonstrated  by  making  the  patient  pick  up  or  touch  a  small 
object  at  a  distance  of  an  arm's  length. 

Ataxia  also  occurs  in  some  affections  of  the  higher  cerebral  centres. 
For  example,  there  are  certain  toxic  affections  in  which  the  patient 
becomes  ataxic.  The  most  familiar  variety  is  that  of  acute  alcoholic 
intoxication.  Part  of  this  ataxia  may  possibly  be  due  to  cerebellar 
intoxication,  but  a  large  part  of  it  is  cerebral,  as  evidenced  by  the 
"  mental  ataxia,"  the  disordered  articulation,  etc.  The  temporary 
ataxia  of  fatigue,  of  writer's  cramp  and  of  other  occupation  neuroses  is 
also  probably  of  cerebral  origin,  so  also  is  the  transient  ataxia  which 
sometimes  follows  enteric  fever  or  other  exanthemata. 

There  are  certain  diseases  of  the  cerebral  cortex  in  which  ataxia 
is  distinct.  In  chorea  the  patient  not  only  exhibits  spontaneous  in- 
voluntary movements,  but  he  also  has  obvious  ataxia  on  voluntary 
movement.  In  organic  monoplegia  or  hemiplegia,  especially  when  slight 
in  degree  and  amounting  merely  to  paresis,  obvious  ataxia  often  exists 
in  the  paretic  limbs.  Severe  ataxia  in  the  contra-lateral  arm  or  leg 
is  a  common  sign  in  some  post-Rolandic  cortical  lesions,  especially  after 
bullet-wounds  (see  p.  483).  Hemiataxia  is  one  of  the  characteristic 
phenomena  in  lesions  of  the  optic  thalamus.  In  such  cases  the  limbs 
on  the  side  contra-lateral  to  the  lesion  are  not  only  ataxic,  but  also 
partially  anaesthetic  with  loss  of  joint  sense,  whilst  spontaneous  pains 
in  the  affected  limbs  are  commonly  present.  Sometimes  ataxia  of  the 
limbs  precedes  an  attack  of  hemiplegia — pre-hemiplegic  ataxia,  especi- 
ally in  threatened  softening  from  arterial  thrombosis.  More  often  the 
ataxia  appears  during  convalescence  from  a  slight  hemiplegic  attack — 
post-hemiplegic  ataxia,  when  the  patient  has  to  learn  the  process  of 
co-ordination  again  in  his  paretic  limbs.  This  form  of  ataxia  must 
be  distinguished  from  athetosis,  the  involuntary  slow  writhing  move- 
ments of  the  limbs  which  occurs  in  old  and  severe  cases  of  hemiplegia, 
especially  of  infantile  hemiplegia. 

Ataxia  is  one  of  the  most  striking  signs  of  disseminated  sclerosis, 
where  the  unsteadiness  of  the  limbs  is  often  associated  with  a  superadded 
coarse  oscillatory  tremor — the  so-called  intention-tremor.  How  much 
of  the  unsteadiness  in  disseminated  sclerosis  is  due  to  cerebral  and 
how  much  to  cerebellar  disease  it  is  difficult  to  say  in  any  individual 
case. 

The  tremor  of  hemiplegic  distribution  which  is  observed  in  the 
limbs  in  cases  of  lesioris  of  the  red  nucleus  or  rubrospinal  tract  (see  p.  83) 
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is  present  at  rest,  but  becomes  exaggerated  on  voluntary  movements 
rendering  them  ataxic.  In  tMs  respect  it  contrasts  with  the  tremor 
of  paralysis  agitans,  which  can  usually  be  controlled  to  permit  of  the 
performance  of  a  voluntary  movement. 

Pseudo-sclerosis  is  a  rare  disease  in  which  many  of  the  clinical 
symptoms  of  disseminated  sclerosis  are  present,  including  staccato 
speech,  intention-tremors,  and  marked  spasticity  of  the  limbs.  Its 
clinical  phenomena  resemble  those  of  progressive  lenticular  degenera- 
tion (see  p.  84).  Post  mortem^  however,  no  sclerotic  areas  are  detected 
in  the  central  nervous  system.  In  this  disease  there  are  certain 
additional  features  which  help  us  to  recognise  the  condition,  notably 
a  curious  greenish  pigmentation  of  the  corneal  margins,  also  shrinkage 
of  the  liver  and  enlargement  of  the  spleen.^  In  pseudo-sclerosis,  as  in 
progressive  lenticular  degeneration,  the  abdominal  reflexes  are  pre- 
served, and  the  plantar  responses  are  of  the  normal  flexor  type. 

Finally,  we  may  meet  with  ataxia  of  the  most  varied  types  in 
hysteria.  Here  the  affection  is  one  \\diich  implicates  the  highest 
psychical  centres.  The  diagnosis  of  hysterical  ataxia  rests  on  the 
presence  of  other  phenomena  of  hysteria,  together  with  the  absence 
of  evidence  of  organic  disease.  Sometimes  hysterical  ataxia  is 
associated  with"  cortical"  anaesthesia  of  the  affected  limb.  In  such 
a  case  the  patient  may  be  able  to  move  the  limb  normally  with  her  eyes 
open,  but  when  they  are  closed  ataxia  appears.  This  does  not  neces- 
sarily occur  in  every  hysterically  anaesthetic  limb,  for  in  many  cases 
profound  anaesthesia  may  be  present  without  ataxia.  The  diagnosis 
of  hysterical  ataxia,  however ,  seldom  presents  much  difficulty  to  a  care- 
ful observer.  The  disease  which  is  most  often  mistaken  for  hysteria  is 
disseminated  sclerosis  in  its  earlier  stages.  In  both  diseases  we  may  have 
a  history  of  transient  weakness  of  a  limb,  apparently  clearing  up  com- 
pletely for  a  time.  But  in  disseminated  sclerosis  there  are  objective 
evidences  of  organic  disease  in  the  form  of  pallor  of  the  optic  discs, 
nystagmus,  alterations  of  the  abdominal  and  plantar  reflexes,  sphincter 
trouble,  and  so  on. 

1  V.  ^iiVimpeW,  NeurUog.  CentralUatt,  1913,  p.  1303. 
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POSTURES  AND   GAITS 

Postures. — In  health  the  posture  of  the  body  and  of  its  various 
members  is  determined  partly  by  gravity,  partly  by  the  relative 
strength  of  the  muscles  at  the  various  joints.  Therefore,  inasmuch 
as  the  flexor  muscles  of  our  limbs  are  usually  more  powerful  than  the 
extensors,  the  ordinary  posture  of  the  limbs  at  rest  is  one  of  slight 
flexion.  This  is  easily  verified  by  observing  a  sleeping  child.  In  the 
erect  attitude  the  muscles  of  special  importance  in  maintaining  equilib- 
rium are  the  extensors  of  the  hips  and  knees.  When  standing  on 
one  foot  the  peronei  are  of  particular  importance,  byinclining"  the  whole 
lower  limb  outwards  from  the  ankle  upwards,  and  bringing  the  centre 
of  gravity  over  the  foot.  The  minor  varieties  of  posture  in  different 
healthy  individuals,  which  we  learn  to  recognise  as  part  of  each  man's 
personal  characteristics,  are  largely  the  result  of  differences  not  only  in 
muscularity,  but  of  habit.  The  pose  of  a  powerful,  muscular  man  is 
widely  different  from  that  of  a  thin,  debilitated  invalid.  Moreover, 
if  from  exercise,  or  want  of  exercise,  certain  groups  of  muscles  are  more 
or  less  developed  than  the  normal,  the  posture  is  further  modified, 
even  in  health.  For  example,  we  all  know  the  characteristic  straddling 
gait  of  the  professional  jockey. 

Similar  principles  apply  to  those  cases  of  organic  disease  in  which 
certain  muscles  or  groups  of  musclesareaffectedbyparalysis.  Paralysed 
limbs  gradually  assume  characteristic  postures,  and  these  postures  of 
organic  disease  are  not  matters  of  haphazard,  but  are  determined  by 
anatomical  rules. 

If  the  muscular  paralysis  be  the  result  of  a  lower  motor  neurone 
lesion,  in  the  anterior  cornua,  anterior  nerve-roots,  nerve-trunks  or 
muscle-fibres,  the  paralysed  muscles  become  wasted. 

Sometimes  the  affected  muscles  undergo  cicatricial  contraction,  and 
thereby  fix  the  part  in  an  abnormal  posture.  This  is  what  occurs  in 
ischsGmic  myositis,  to  which  we  have  already  referred  (p.  231).  It  also 
occurs  in  fixed  or  congenital  torticollis  (which  must  not  be  confounded 
with  spasmodic  torticollis,  described  on  p.  89).  Congenital  torticollis 
is  due  to  shortening  of  one  sternomastoid,  resulting  from  an  injury 
to  the  muscle  during  birth.  The  head  deviates  slightly  to  one  side  and 
cannot  be  turned,  either  actively  or  passively,  towards  the  side  of  the 
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shortened  sternomastoid.    Unlike  spasmodic  torticollis,  it  is  unac- 
companied by  active  muscular  spasm. 

More  commonly,  in  a  case  of  lower  motor  neurone  palsy,  the  un- 
opposed non-paralysed  antagonists  slowly  become  contracted,  and  fix 
the  limb  in  a  certain  definite  posture  which  is  best  demonstrated  if  the 


Fig.  124. — Chronic  myelitis  of  fifth  cervical  segment,  with  atrophic 
paralysis  of  deltoid,  biceps  and  supinators. 

patient  tries  to  throw  the  paralysed  muscles  into  action,  in  which  case 
the  antagonists  contract  alone. 

For  example,  Fig.  124  is  a  photograph  of  a  woman  who  had  a 
localised  lesion  in  the  anterior  cornua  of  the  cord  at  the  level  of  the 
fifth  cervical  segment.  Amongst  the  chief  muscles  supplied  by  the 
anterior  cornua  at  that  level  are  the  deltoid,  biceps  and  supinators. 
These  muscles  underwent  atrophy  and  their  unopposed  antagonists 
became  contracted.  As  a  result  we  see  that  from  paralysis  of  the 
deltoid  and  contraction  of  its  opponents  the  shoulder  is  adducted, 
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similarly  from  paralysis  of  the  biceps  the  elbow  is  extended  by  its 
opponents,  and  from  paralysis  of  the  supinators  the  forearm  is  hyper- 
pronated  by  their  antagonists.  This  posture  is  characteristic  of  a  cord 
lesion  at  the  fifth  cervical  segment. 

Fig.  125  shows  the  posture  assumed  in  a  case  of  paralysis  of  the 
external  popliteal  nerve.  This  nerve  was  divided  by  a  bullet-wound  in 
an  officer's  right  leg.  In  addition  to  anaesthesia  corresponding  to  the 
cutaneous  distribution  of  the  nerve,  the  figure  shows  the  presence  of 


Fig.  125. — Paralysis  of  external  popliteal  nerve  of  right  leg,  the  result 
of  a  bullet-wound.  Showing  muscular  atrophy  and  drop-foot.  The 
patient  is  trjring  to  dorsiflex  both  ankles. 

foot-drop  due  to  paralysis  of  the  anterior  tibial  group  of  muscles,  with 
unopposed  contraction  of  the  calf  muscles.  Here,  of  course,  the  action 
of  gravity  is  a  factor  as  well,  for  the  weight  of  the  foot  tends  to  increase 
the  foot-drop. 

Fig.  127  shows  the  posture  in  a  case  of  paralysis  of  the  musculo- 
spiral  nerve.  The  patient  is  trying  to  extend  both  his  wrists.  On  the 
paralysed  side  we  notice  the  atrophy  of  the  supinator  longus  and  the 
paralysis  of  the  extensors  of  the  wrist  and  fingers,  also  the  characteristic 
swelling  on  the  dorsum  of  the  hand,  probably  bursal  in  origin,  which 
appears  in  long-standing  cases  of  drop-wrist. 
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Lower  motor  neurone  lesions  affecting  the  muscles  of  the  hand 
produce  certain  highly  characteristic  postures:— 

(1)  The  flattened-out,  so-called  monkey-hand  {main  de  singe),  in 
which  there  is  a  localised  wasting  of  the  thenar  muscles  with  loss  of  the 
power  of  opposing  the  thumb,  so  that  it  falls  backwards  to  the  plane 
of  the  other  digits.     This  is  typical  of  median  palsy. 

(2)  Claw-hand,  or  main  en  griffe, 
due  to  paralysis  of  the  interossei 
and  lumbricales,  in  which  the  fingers 
are  now  controlled  by  the  long 
flexors  and  extensors  alone.  In  this 
condition  (most  commonly  resulting 
from  palsy  of  the  ulnar  nerve  below 
the  level  where  it  gives  off  its 
branch  to  the  flexor  profundus)  the 
proximal  phalanges  become  hyper- 
extended,  whilst  the  two  distal 
phalanges  are  flexed  in  a  hook-like 
fashion.  The  deformity  is  more 
marked  in  the  two  ulnar  fingers, 
since  the  lumbricales  corresponding 
to  the  index  and  middle  fingers  (sup- 
plied by  the  median  nerve)  escape. 
Meanwhile  the  power  of  abducting 
the  fingers  by  the  interossei  is  lost. 

(3)  The  preacher's  hand  {main 
de  predicateur),  specially  common 
in  syringomyelia.  In  this  variety, 
from  survival  of  the  long  exten- 
sors, the  hand  is  extended,  or  even 
hyper-extended,  at  the  wrist. 

The  loss  of  the  movements  of  adduction  and  abduction  in  the 
extended  fingers,  due  to  interosseal  paralysis,  develops  when  the  "  main 
de  singe  "  becomes  the  "  main  en  griff e."  As  a  matter  of  fact,  these 
three  positions  of  the  hand  occur  in  lesions  not  only  of  the  anterior 
cornua  (as  in  progressive  muscular  atrophy,  syringomyelia,  amyotrophic 
lateral  sclerosis),  but  also  in  anterior  radicular  lesions,  in  lesions  of  the 
lower  roots  of  the  brachial  plexus  (see  Fig.  126),  in  toxic  or  infective 
neuritis,  in  leprosy,  in  family  neuritic  diseases  like  peroneal  muscular 
atrophy  and  progressive  hypertrophic  neuritis. 

If  the  paralysis  be  due  to  an  upper  motor  neurone  lesion,  the  law 
which  determines  the  posture  is  different.  We  no  longer  have  atrophic 
paralysis,  limited  to  a  particular  muscle  or  muscles,  as  in  a  lower  motor 


Fig.  126.-  lU-liaiid  fnim  lup- 

ture  of  iii.^i  i....,aiic'  root,  fuUuwing 
a  dislocation  of  the  right  shoulder. 
Note  the  atrophy  of  intrinsic  mus- 
cles of  the  right  hand;  also  the 
pseudo-ptosis  on  that  side,  due  to 
affection  of  cervical  sympathetic. 
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neurone  lesion.  Instead,  there  gradually  develops  a  spastic  paralysis, 
in  which  all  the  muscles  of  the  affected  limb  or  segment  of  a  limb  are 
more  or  less  paralysed  and  in  a  state  of  hyper-tonus. 

The  condition  is  best  studied  in  the  lower  limbs.  There  are  two 
distinct  clinical  types  of  spastic  paralysis,  described  by  Babinski  as 
"paralysis  in  extension"  and  "paralysis  in  flexion"  respectively. 
The  essential  difference  between  these  two  types,  as  Walshe  has  shown,^ 
is  that  in  the  "  extended  "  form  of  spastic  paralysis  both  extensor  and 
flexor  groups  of  muscles  are  in  a  state  of  exalted  reflex  activity, 
whereas  in  the  "  flexed  '*  type  only  the  flexor  group  of  muscles 
retains  this,  the  extensors  showing  diminished  or  absent  reflex  action. 


Fig.  127. — ^Left-sided  musculo-spiral  paralysis.     Showing  drop-wrist 
and  atrophy  of  supinator  longus. 


The  extended  type  of  spastic  paralysis  only  occurs  in  pure  pyramidal 
affections,  as  in  ordinary  hemiplegia  and  in  pure  lateral  sclerosis  of  the 
spinal  cord.  Thus  in  a  chronic  hemiplegia  the  familiar  posture  of  the 
upper  limb  is  that  of  flexion  with  pronation,  that  of  the  lower  limb 
being  one  of  slight  extension  at  the  hip  and  knee,  with  plantar  flexion 
and  inversion  of  the  ankle,  and  a  tendency  to  dorsiflexion  of  the  toes 
(see  Figs.  128  and  128a),  the  limb  as  a  whole  thus  becoming  outstretched 
or  lengthened.  In  the  spastic  limbs  all  the  deep  reflexes  are  increased, 
and  there  is  a  Babinski  plantar  response  on  stimulation  of  the  sole. 

The  flexed  type  of  spastic  paraplegia  (see  Fig.  129)  occurs  only  in 
diffuse  spinal  lesions,  never  in  pure  pyramidal  disease.  The  posture 
of  the  lower  limb  is  one  of  flexion  of  the  hip  and  knee,  with  dorsiflexion 

1  Brain,  1914,  vol.  xxrvii.,  pp.  269-336. 
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of  the  ankle,  the  whole  limb  being  pulled  up  or  shortened.  In  this 
type  of  contracture  the  knee-jerks  and  ankle-jerks  are  feeble  or  absent 
and  there  is  no  ankle-clonus.  Nevertheless  the  hamstring- jerks  are 
found  to  be  excessively  brisk.  Frequent  involuntary  flexor  spasms 
occur  m  the  paralysed  limb,  temporarily  exaggerating  its  flexed 
posture.  The  Babinski  plantar  response  is  present.  To  produce  this 
flexed  type  of  spastic  paraplegia,  the  interruption  of  some  other 


Fig.  12SA. 


Case  of  left-sided  infantile  hemiplegia  in  a  patient  aged  7  years.  Onset 
of  hemiplegia  five  years  previously.  Showing  posture  of  limbs.  In 
Fig.  128  note  athetosis  of  left  fingers.  In  Fig.  128a  note  inversion 
of  ankle  and  drawing  up  of  heel. 

efferent  tract,  in  addition  to  the  pyramidal  tract,  is  essential  (see 
"  sub-cortico-spinal  tracts,"  pp.  10-12).  The  effect  of  suchalesion  in 
the  extra-pyramidal  motor  path  is  to  abolish  the  reflex  tonus  in  the 
paralysed  extensor  muscles  without  affecting  the  reflex  activity  of  the 
paralysed  flexor  group. 

The  spastic  posture  in  hemiplegia  does  not  come  on  at  once.  There 
is  an  initial  flaccid  stage,  lasting  several  weeks  or  even  months,  before 
the  spastic  rigidity  sets  in.  (In  a  small  number  of  cases  the  hemiplegia 
may  remain  permanently  flaccid.)    But  even  during  this  flaccid  stage 
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the  postures  of  the  hemiplegic  limbs  are  often  different  from  those  of 
the  unaffected  side  at  rest.  One  of  the  most  characteristic  signs  is  an 
apparent  broadening  of  the  lower  limb  (Heilbronner's^  "  hreites  Bein  "). 
This  consists  in  an  outward  rotation  of  the  lower  limb  at  the  hip- joint, 
due  to  its  own  weight  when  in  the  recumbent  posture  (analogous  to  the 
displacement  which  occurs  in  fracture  of  the  neck  of  the  femur).  The 
thigh,  therefore,  when  looked  at  from  the  front,  appears  broader  than 
on  the  healthy  side.  Moreover,  the  flaccid  paralysed  muscles  fall  back 
by  their  own  weight,  and  on  transverse  section  the  thigh  forms  a 
flattened  oval  instead  of  an  approximate  circle  as  on  the  healthy  side. 
This  apparent  broadening  of  the  paralysed  thigh  can  be  well  seen  if  the 
patient  be  seated  on  a  hard,  flat  seat.  It  does  not  occur  in  hysterical 
hemiplegia. 


Fig.  129. — Transverse  softening  of  the  spinal  cord,  prodacing 
flexed  type  of  spastic  paraplegia. 

In  hysterical  paralysis  the  conditions  are  different.  Hysteria,  it  is 
often  said,  may  simulate  organic  disease — thus  we  may  have  functional 
hemiplegia,  paraplegia,  or  monoplegia.  But  if  we  examine  carefully 
we  usually  find  that  this  similarity  is  more  or  less  rough  and  inaccurate. 
And  why  ?  Because  hysterical  contractures  are  not  governed  by  ana- 
tomical rules  ensuring  the  preponderance  of  the  stronger  nmscles. 
Hysterical  contractures  usually  present  some  points  in  which  they 
differ  from  the  postures  of  genuine  organic  lesions.  Thus,  for  example, 
we  do  not  have  loss  of  deep  reflexes  nor  muscular  atrophy  with  R.D. 
as  in  lower  motor  neurone  lesions ;  nor  do  we  have  an  extensor  plantar 
reflex  nor  a  true  clonus  as  in  genuine  pyramidal  disease.  Moreover,  if 
hysterical  hemiplegia  affects  the  face  we  have,  not  a  true  paralysis,  but 
a  glosso-labial  hemispasm.  Figs.  130  and  131  are  from  a  case  of 
functional  hemiplegia,  in  which  the  contracture  alone  was  enough  to 
distinguish  it  from  an  organic  case.     Instead  of  the  usual  flexed  and 

1  Deutsche  Zeitschrift  fur  Nervenheilkunde,  Bd.  28,  1904,  s.  1. 
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pronated  posture  of  the  upper  limb,  we  observe  that  the  elbow  and 
wrist  are  extended,  the  forearm  is  supinated,  and  the  fingers  are  half- 
bent  in  a  hook-like  fashion,  whilst  in  the  lower  limb  the  inversion  of 
the  ankle  is  overdone,  out  of  all  proportion  to  the  ordinary  equinus 


FlG.'.130. 


Fig.  131. 


From  a  case  of  right-sided  hysterical  hemiplegia  in  a  left-banded  patient. 
Showing  contractures  of  hand  and  foot.  The  right  forearm  was 
rigidly  supinated,  but  is  being  passively  semi-pronated  by  the  physi- 
cian to  show  the  posture  of  the  hand. 

position.  The  contracture  in  this  patient  appeared  suddenly,  as  is 
so  often  the  case  in  hysteria,  unlike  the  gradual  development  of  an 
organic  contracture.    Fig.  132  shows  a  peculiar  contracture  of  the  soles 


Fig.  132. — Hysterical  paraplegia.     Showing  longitudinal  fold  of  soles. 

in  another  case  of  hysterical  paraplegia,  in  which  the  feet  had  a  fold 
running  longitudinally  along  the  soles,  totally  unlike  any  organic 
contracture. 

Fig.  133  shows  a  case  of  left-sided  hysterical  hemiplegia,  in  which 
the  contracture  of  the  upper  limb  differs  from  that  of  organic  disease  ; 
for  whilst  the  shoulder,  elbow  and  wrist  are  rigid,  the  fingers  are  flaccid 
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— a  combination  which  does  not  occur  in  organic  hemiplegia.  We  also 
observe  that  this  patient  has  glosso-labial  hemispasm.  When  she 
protrudes  her  tongue  it  deviates  considerably  to  the  paralysed  side, 
but  in  such  an  exaggerated  fashion  that  it  is  easy  to  recognise  the 
deformity  as  spasmodic,  not  paralytic.  We  also  note  that,  when  the 
tongue  is  protruded,  the  face  on  the  paralysed  side  goes  into  a  state  of 
spasm,  so  that  the  left  naso-labial  fold  is  deeper  than  on  the  healthy 


Jl^^' 


Fig.  133. — Left-sided  hysterical  hemiplegia  with  glosso-labial  spasm 
on  protrusion  of  tongue.  The  left  upper  limb  was  also  rigidly  con- 
tracted at  the  shoulder  and  elbow,  the  hand  being  flaccid. 

side,  a  condition  which  is  the  reverse  of  what  we  find  in  organic  hemi- 
plegia. Glosso-labial  hemisjyasm  such  as  this  is  not  a  common  sign, 
but  when  it  occurs,  it  is  pathognomonic  of  hysteria. 

One  of  the  conmaonest  types  of  traumatic  war-hysteria  is  the 
characteristic  hysterical  spinal  curvature  . — so-called  campto-cormia,  or 
anti-algic  spondylosis,  in  which  the  patient  holds  his  trunk  stiffly  bent 
forwards  at  the  lambo-sacral  region,  almost  to  a  right  angle,  sometimes 
symmetrically,  sometimes  inclined  to  one  or  other  side.    The  trunk  is 
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almost  horizontal,  but  the  neck  is  usually  bent  backwards,  so  as  to 
raise  the  head  to  the  erect  posture,  with  fixed  facial  expression  and 
widely-staring  eyes.  Notwithstanding  this  deformity  of  the  trunk, 
walking  is  usually  easy,  although  the  patient  makes  use  of  a  stick  or 
even  a  pair  of  sticks.  Usually,  but  not  always,  the  spinal  deformity 
disappears  on  lying  down.  If  the  patient  is  told  to  stand  up  straight,  he 
fails  to  do  so,  although  he  makes  violent 
and  dramatic  muscular  efforts  with  his 
spinal  and  abdominal  muscles.  Attempted 
passive  reduction  of  the  spinal  deformity 
is  energetically  resisted,  and,  if  persevered 
with,  the  patient  becomes  acutely  emotional, 
with  rapid  heart,  rapid  respiration,  a 
facies  of  terror  and  with  severe  lumbo- 
sacral pain. 

Hysterical  spinal  curvature  comes  on 
acutely.  It  usually  follows  some  sudden  fall 
or  blow  on  the  back,  e.g.  after  a  shell- 
explosion,  whereby  the  soldier  is  thrown 
violently  to  the  ground:  he  may  even  be 
temporarily  concussed.  Immediately  on 
recovering  from  his  mental  confusion,  he 
complains  of  pain  in  the  lumbo-sacral 
region,  somewhat  alleviated  by  bending 
forwards,  and  aggravated  by  any  attempt 
to  straighten  the  trunk.  This  vicious 
posture  becomes  perpetuated  by  auto- 
suggestion, so  that  the  muscular  spasm 
persists  long  after  the  original  organic 
cause  of  pain  has  passed  away.  Yiq.  134.  —  Hyper-extension  of 

Hysterical  contractures  often,  but  not      knees  in  a  case  of  tabes- 
always,  disappear  durmg  sleep   or  durmg 

deep  anaesthesia.  Even  in  the  waking  state  we  may  occasionally  suc- 
ceed in  momentarily  correcting  the  vicious  attitude  if  we  take  the 
patient  unawares  during  the  course  of  our  examination.  Further,  we 
sometimes  observe,  when  approaching  the  hysterical  patient,  that  the 
muscles  of  his  contractured  limb  tighten  up  under  the  skin,  as  if  on 
guard  against  a  possible  attempt  at  passive  movement,  and  we  may 
also  observe  that  this  excessive  spasm  relaxes  when  the  patient  s 
attention  is  diverted  to  some  other  partof  his  body.  If  a  hysterical  con- 
tracture has  persisted  for  months,  adhesions  may  form  in  and  around  the 
joints,  so  that  even  under  an  aneesthetic  the  contracture  may  not  com- 
pletely relax,  and  we  may  have  to  break  down  the  adhesions  forcibly. 
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The  postures  of  organic  paralyses,  then,  whether  supra-  or  infra- 
nuclear,  are  definite  and  comparatively  simple,  being  governed  by  the 
anatomical  rules  we  have  mentioned.  Hysterical  postures,  on  the  other 
hand,  being  under  no  such  restrictions,  may  assume  the  most  varied 
and  weird  appearances,  examples  of  which  might  be  multiplied  inde- 
finitely. Whether  spastic  or  paralytic,  the  motor  phenomena  of  hysteria 
are  usually ' '  systematised."  As  Babinski  has  pointed  out,  they  merely 
affect  one  or  more  "systems"  of  voluntary  movements  which  the 
muscles  of  the  face  or  of  a  limb  are  called  on  to  perform.  Hysterical 
postures  are  caricatures  or  exaggerations  of  some  spastic  or  paralytic 
posture,   which,   however,  never  corresponds  in  distribution  to    a 
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Fio.  135. — ^Tabetic  hypotonia  of  popliteal  muscles. 

peripheral  nerve  nor  to  a  spinal  segment,  but  to  some  well-recognised 
attitude.  Therefore  a  hysterical  paralysis  or  a  hysterical  contracture 
can  always  be  imitated,  whereas  an  organic  contracture  is  never 
accurately  imitated  by  a  hysterical  patient. 

In  many  cases  of  lesion  of  the  posterior  roots  or  posterior  columns, 
e.g.  in  tabes  dorsalis,  there  is  marked  deficiency  of  muscular  tonus,  a 
condition  known  as  hypotonia.  This  slackness  of  the  muscles  has  a 
remarkable  influence  on  the  patient's  postures.  Thus,  for  example, 
hypotonia  of  the  peronei  increases  the  difl&culty  of  standing,  since, 
whenever  the  patient  lifts  one  leg,  the  other  fixed  leg  is  no  longer 
pulled  outwards  as  in  health  to  bring  the  centre  of  gravity  over  the 
fixed  foot.  When  the  hamstrings  and  sural  muscles  behind  the  knee 
are  hypotonic  (see  Fig.  134),  the  joint  becomes  hyper-extended  in  the 
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ei'ect  posture— the  so-called  "genu  recur vatum "—ualike  the  knee- 
joint  of  a  healthy  individual,  in  which,  however  strongly  the  knee  be 
extended,  there  always  remains  a  concavity  behind.  This  hypotonia 
of  the  popliteal  muscles  produces  another  very  characteristic  sign  of 
tabes,  which  is  that,  when  the  patient  lies  in  bed  with  the  knee  extended, 


Fig.  136. — -Tabetic  hypotonia  of  gluteal  and  hamstring  muscles. 

the  heel  can  be  passively  raised  whilst  the  back  of  the  knee  remains 
in  contact  with  the  bed  (see  Fig.  135).  Hypotonia  of  the  muscles  of 
the  trunk  and  lower  limbs,  in  tabes,  may  permit  of  the  patient  assuming 


Fig.  137. — ^Tabetic  hypotonia  of  muscles  of  lower  limbs  and  trunk. 

the  most  extraordinary  postures  without  pain — postures  which  are 
impossible  to  any  ordinary  individuaPwho  is  not  a  professionally 
trained  contortionist  (see  Figs.  136,  137  and  138). 

Hypotonia  is  met  with  in  recent,  acut^  cerebellar  lesions,  e.g.  after 
bullet- wounds,  vascular  lesions,  or  acute  encephalitis,  being  most  marked 
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in  the  muscles  of  the  ipso-lateral  limbs  (see  p.  24).  Cerebellar  hypotonia 
is  less  profomid  than  tabetic  hypotonia,  and  after  a  few  weeks  tends 
to  subside. 

A  slight  degree  of  hypotonia  is  present  in  ordinary  chorea. 

Muscular  hypotonia  also  occurs  in  some  cases  of  reflex  paralysis, 
following  local  trauma  of  a  limb  (see  p.  242).     In  such  cases  the 


Fig.  138. — Tabetic  hj'potonia  ot  adductor  muscles. 

hypotonia  is  limited  not  merely  to  the  affected  limb,  but  is  further 
localised  to  some  particular  group  of  muscles,  and  is  often  combined 
with  hypertonia,  or  spasticity,  of  other  muscle-groups  in  the  same  limb, 


Fig.  139. — Amyotonia  congenita  in  a  child  of  2J  years, 
showing  inability  to  sit  up. 

e.g.  hypotonia  of  the  extehisors  of  the  if^ist  combined  with  hypertonia 
of  the  flexors  of  the  elbow. 

"  Amyotonia  congenita  (sometimes,  though  less  aptly,  called  myatonia 
congenita)  is  a  condition  of  extreme  flaccidity  of  the  muscles,  which  are 
soft  and  lax  on  palpation.  When  thrown  into  voluntary  contraction 
they  do  not  harden  like  ordinary  muscles,  and  it  may  be  impossible 
by  palpation  to  distinguish  them  from  the  subcutaneous  tissues.    The 
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joints  ate  flail-like,  and  can  be  placed  in  all  sorts  of  fantastic  postures 
(see  Fig.  139).  There  is  no  true  motor  paralysis,  although  voluntary 
movements  are  devoid  of  vigour.  The  amyotonia  is  most  marked  in  the 
lower  limbs.  The  sphincters  are  unaffected.  The  electric  excitability 
is  diminished  both  to  faradism  and  to  galvanism,  but  without  polar 
changes.  The  child  can  bear  strong  faradic  stimulation  with  unusual 
stoicism.  The  deep  reflexes  are  absent,  whilst  the  cutaneous  and 
organic  reflexes  are  normal.  The  condition,  which  is  congenital,  is 
really  a  variety  of  myopathy.  The  phenomena  are  usually  detected 
within  the  first  twelve  months  after  birth.  Sometimes  the  symptoms 
improve,  and  the  deep  reflexes  may  even  return,  but  the  patient  never 
attains  normal  muscular  power.  Pathologically  the  muscles  show 
changes  identical  with  those  found  in  primary  myopathy. 

Gaits. — Unlike  some  of  the  lower  animals — for  example,  the 
chicken  or  the  lamb — the  human  infant  at  birth  cannot  stand  or  walk. 
It  is  not  until  the  child  reaches  the  age  of  about  eighteen  months  that 
he  begins  to  walk.  First  he  learns  to  stand,  and  then  after  repeated 
efforts  he  succeeds  in  walking.  During  the  process  of  learning,  he  reels 
and  falls  about  j  ust  like  an  adult  with  cerebellar  disease. 

We  do  not  all  of  us  walk  exactly  in  the  same  fashion.  Even 
healthy  individuals  show  minor  differences  in  gait.  An  old  man  walks 
differently  from  a  youth,  a  soldier  differently  from  a  sailor,  and  a  woman 
advanced  in  pregnancy  differently  from  a  maiden.  The  wearing  of 
ordinary  boots  with  artificial  heels  also-  modifies  the  gait,  so  that  in 
health  the  first  part  of  the  boot  to  show  signs  of  wear  is  usually  the 
back  of  the  heel  on  the  outer  side.  Ladies'  high-heeled  boots  modify 
the  gait  still  more,  throwing  the  weight  of  the  body  unduly  forwards 
towards  the  heads  of  the  metatarsal  bones. 

When  testing  the  gait  in  cases  of  nervous  disease  it  is  advisable 
to  have  the  patient's  lower  limbs  well  exposed,  and  without  boots. 
To  get  a  good  view  of  the  limbs  it  is  well  to  have  a  minimum  of  clothing 
on  the  patient.  If  we  cannot  have  him  in  puris  tiaturcdibtis,  a  good 
plan  is  to  have  him  clad  in  some  light  garment  like  a  shirt,  whose  tail 
is  pulled  forwards  between  the  legs  from  behind  and  pinned  in  front, 
thereby  leaving  the  upper  limbs  free.  We  ask  the  patient  to  walk 
straight  away  from  us  towards  some  given  point,  then  to  turn  round  and 
come  back. 

In  a  normal  gait  the  limbs  are  moved  forward  easily,  the  feet  neither 
scraping  the  ground  whilst  being  lifted,  nor  being  unduly  stamped 
down  as  they  descend.  The  forward-moving  or ' '  active  ' '  leg  is  the  one 
which  carries  the  weight  of  the  body.  The  trunk  and  pelvis  therefore 
lean  a  little  towards  the  corresponding  side  during  the  "  active  " 
phase  of  each  limb.     This  trunk  movement  is  attained  partly  by  the 
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action  of  the  gluteal  muscles,  partly  by  the  sacro-lumbar  muscles  of 
the  same  side.  A  short,  thick-set  person  with  a  broad  pelvis  tends 
to  have  a  "  waddling  "  gait,  as  the  weight  of  his  trunk  is  shifted  across 
from  one  side  to  the  other.  When  the  gluteal  muscles  are  weak,  the 
patient  waddles  excessively  in  his  efforts  to  throw  his  weight  to  each 
side .  alternately. 

The  gait  is  altered  in  various  diseases.     Thus  it  may  become 
spastic,  ataxic,  reeling,  high-stepping,  and  so  on. 

A  spastic  gait  occurs  in 
lesions  of  the  pyramidal  tract 
— for  example,  in  hemiplegia, 
in  diplegia,  and  in  spastic  para- 
plegia. In  organic  hemiplegia 
the  active  forward  projection 
of  the  limb  is  especially  difficult 
on  the  paralysed  side,  and  the 
weight  of  the  body  has  to  be 
carried  forwards  by  the  aid  of 
the  other  side  plus  gravity,  un- 
like the  normal  gait  in  which 
the  weight  is  carried  entirely 
by  the  "  active  "  advancing 
leg.  Thus  when  the  hemiplegic 
leg  ought  to  be  in  the  "  active" 
phase,  it  is  not  properly  flexed 
at  the  knee  or  ankle,  nor  is  it 
actively  pushed  forwards,  but 
merely  dangles  forward  like  a 
pendulum,  not  directly  for- 
wards, but  swinging  in  a  circu- 
lar fashion  round  the  opposite 
hip  as  on  a  pivot.  When  ttie 
"active"  phase  of  the  non- 
paralysed  limb  occurs,  the 
hemiplegic  foot  (owing  to  weak- 
ness of  the  peronei  and  dor- 
siflexors  of  the  ankle,  with  over-action  of  the  inverters  and  calf 
muscles)  stays  on  the  ground  too  long,  thereby  scraping  the  front  part 
of  the  foot,  especially  the  ball  of  the  great  toe  (see  Fig.  141 ) ;  the  stride 
of  the  paralysed  limb  is  therefore  shorter  than  on  the  healthy  side.  In 
a  case  of  spastic  diplegia,  or  double  hemiplegia,  the  patient  is  unable 
to  project  either  leg  forwards  in  the  ordinary  way,  but  has  to  jerk 
each  forwards  in  turn  with  a  circular  swing,  so  that,  in  a  well-marked 


Fig.  140.  —  Spastic  diplegia.  Showing 
"scissor- gait"  and  conjugate  automatic 
movements  of  the  upper  limbs. 
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case,  not  only  does  the  patient  take  abnormally  short  steps,  catching 
the  ball  of  each  foot  on  the  ground,  but  from  the  circular  swing  of  the 
limbs,  together  with  their  adductor  spasm,  they  cross  alternately  in 
front  of  each  other,  producing  the  cross-legged  or  "  scissor  "  gait  (see 
Fig.  140).  Meanwhile  the  trunk  and  upper  limbs  make  violent  jerky 
movements,  swinging  the  body  from  one  side  to  the  other.  A  milder 
degree  of  diplegic  gait  often  occurs  in  old  people  who  have  had  attacks 
of  lacunar  hemi'plegia  on  both  sides  of  the  brain.    In  such  cases  the  gait 


Fro.  141.— Footprints  in  a  case  of  right  hemiplegia.    Showing  scraping  of 
anterior  part  of  foot. 

shows  an  abnormal  shortening  of  the  stride  ("  rmrche  a  petits  pas  ") 
without  actual  scissor-gait. 

There  is  a  rare  atonic-astasic  type  of  cerebral  diplegia,  occurring  in 
children,  and  characterised  by  generalised  muscular  hypotoma,  with 
inability  to  walk,  stand,  or  even  sit  up  without  support.  It  is  usually 
accompanied  by  definite  mental  deficiency.  Nevertheless,  there  is  no 
actual  paralysis:  the  deep  reflexes  and  electrical  reactions  are  normal, 
thereby  distinguishing  the  condition  from  amyotonia  congenita,  ratbo- 
logical  examination  of  these  cases  has  shown  extensive  sclerosis  of  the 
frontal  lobes. 

In  ordinary  spastic  paraplegia  from  cord  disease  there  is  not  the 
cross-legged  gait  of  diplegia,  but  the  patient  moves  stiffly  along, 
taking  abnormally  short  steps,  the  front  part  of  the  feet  clinging  to 
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the  ground,  thus  wearing  out  the  toes  of  the  boots.  Meanwhile  the 
tendency  to  ankle-clonus  causes  a  "  trepidation"  of  the  whole  body 
in  severe  cases  from  tremor  of  the  feet.  Such  a  patient  stumbles  over 
the  slightest  obstacles. 

The  gaits  of  hysteria  are  of  the  most  varied  types.  For  example, 
in  hysterical  hemiplegia  the  patient  often  pushes  the  paralysed  foot 
along  the  ground  as  if  on  a  skate  (see  Fig.  145),  or  drags  it  helplessly 
along  with  its  dorsum  resting  on  the  ground,  as  seen  in  Fig.  142. 
If  this  is  bilateral,  the  patient  is  totally  unable  to  walk  or  stand.     Or 

the  foot  may  be  held  in  a  position 
of  talipes  calcaneus,  or  the  patient 
niay  walk  on  the  outer  border  of 
the  foot  (see  Fig.  147)  when  walk- 
ing, even  when  no  such  posture 
is  present  at  rest;  or  one  lower 
limb  may  be  acutely  flexed  at  the 
hip  and  knee,  so  that  the  patient 
has  to  use  crutches. 

Or,  again,  the  patient  may 
have  a  zigzag  gait  (see  Fig.  146), 
or  he  may  throw  one  leg  about 
with  a  wild  flourish  before  bring- 
ing it  to  the  ground,  or  may  sud- 
denly kneel  down  every  few  steps 
— these  are  tics  of  gait. 

Astasia-  abasia  is  the  term 
applied  to  a  condition  in  which 
a  hysterical  patient  is  unable  to 
stand  or  walk,  although  capable 
in  the  recumbent  posture  of  per- 
forming all  movements  of  the 
lower  limbs  normally.  The  varieties  of  hysterical  gaits  are 
practically  unlimited,  but  every  one  of  them  differs  in  some  respect 
from  the  gait  of  organic  disease. 

Staso-baso-phohia  is  a  psychasthenic  obsessional  state  in  which  the 
patient  is  acutely  afraid  of  attempting  to  stand  or  walk,  and  displays 
violent  emotional  phenomena  when  asked  to  try  (see  later,  p.  391). 

The  side-gait  (Schiiller's  "  Flankengang")  is  a  useful  means  of 
diagnosing  between  organic  and  hysterical  hemiplegia.  To  test  it,  the 
patient  is  placed  on  a  line  and  made  to  move  along  it  sideways  in  a 
given  definite  direction — say  towards  the  right.  A  normal  individual, 
during  this  movement,  first  leans  his  trunk  to  the  left,  then  balancing 
his  weight  on  the  left  leg,  he  lifts  the  right  from  the  ground,  abducts 


Fio.  142. — Gait  in  a  case  of  left-sided 
hysterical  hemiplegia.  The  marks  .on 
the  left  leg  are  scars  of  self-inflicted 
bums 
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it  by  a  muscular  effort,  brings  the  trunk  erect  again,  puts  down  the 
right  foot,  last  of  all  lifting  the  left  leg,  adducting  it  and  placing  it 
alongside  the  right.  How  is  this  performed  in  organic  hemiplegia  ? 
We  find  that  the  hemiplegic  patient  moves  sideways  towards  the 
paralysed  side  well,  but  badly  towards  the  healthy  side,  so  that  in  right- 
sided  hemiplegia  the  patient,  when  going  sideways  towards  the  right, 
moves  normally,  but  when  going  towards  the  left  he  drags  his  right  leg 


Fig.  143 
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Fig.  143. — Spastic  diplegia. 

Fig,  144. — Footprints  from  the  case   of  spastic  diplegia  shown  in  Fig.  143.     The 

patient's  heels  do  not  touch  the  ground,  and  the  feet  as  they  are  lift«d  are  scraped 

forwards. 


in  the  movement  of  adduction.  This  difference  in  th6  side-gait  on  the 
two  sides  in  organic  hemiplegia  is  often  quite  evident  when  the  forward 
gait  shows  very  little  abnormality.  To  show  the  phenomenon  properly, 
the  patient  must  not  be  too  severely  paralysed  to  stand  or  walk,  nor 
must  he  have  shortening  of  the  limb,  as  in  old  infantile  hemiplegia. 
These  two  exceptions,  however,  are  readily  recognised  by  other  signs. 
In  hysterical  hemiplegia  the  side-gait  is  impaired  on  both  sides,  not 
merely  on  the  healthy  side. 

An  ataxic  gait  is  seen  most  typically  in  tabes  dorsalia;  but  it  occurs 
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also  to  a  lesser  degree  in  otherdiseases  implicating  the  posterior  columns 
of  the  cord — for  example,  in  Friedreich's  ataxia,  in  chronic  meningo- 
myelitis,  or  in  tumours  of  the  posterior  columns,  also  in  ataxic  para- 
plegia or  postero-lateral  sclerosis,  whether  due  to  disseminated  sclerosis 
or  to  other  causes.  Of  all  these,  the  tabetic  gait  is  the  most  character- 
istic. In  this  there  is  no  motor  weakness  of  the  limbs,  but  they  are 
characteristically  unsteady.  The  patient  walks  on  too  broad  a  base, 
with  his  legs  unduly  wide  apart.  He  lifts  them  suddenly  and  violently, 


PlO.  145. 


Fig    140. 


Fig.  145. — Footprints  from  a  case  of  right-sided  hysterical  hemiplegia,  in  which  the 
right  foot  is  pushed  along  the  ground,  whilst  the  left  foot  is  lifted  normally. 

Fig.  146. — Footprints  in  a  hysterical  gait.  The  patient  walked  unsteadily,  occasion- 
ally throwing  the  right  lower  limb  behind  her,  causing  her  to  pause  momentarily. 
During  this  phase  she  sometimes  lurched  to  the  left,  then  recovered  herself  aiid 
tottered  on  again. 


raising  them  too  high,  then  bangs  them  down  forcibly  in  flail-like 
fashion ,  stamping  the  heels  on  the  ground.  He  tries  to  guide  his  totter- 
ing course  by  watching  the  ground.  Therefore  if  his  eyes  be  shut,  or  if 
he  be  in  the  dark,  and  especially  if  he  narrows  his  base  by  placing 
the  feet  close  together,  he  tends  to  fall.  In  slight  cases  of  tabetic 
ataxia,  when  the  patient  is  in  this  position,  he  may  not  actually  fall, 
but  we  can  sge  the  tendons  on  the  dorsum  of  the  feet  actively  in  move- 
ment, in  the  effort  to  preserve  the  balance.    With  this  gait  we  usually 
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have  absence  of  the  knee-  and  ankle-jerks,  and  various  other  signs  such 
as  Argyll-Robertson  pupils,  lightning  pains,  anaesthesia,  crises'  and 
lymphocytosis  of  the  cerebro-spinal  fluid.  In  Friedreich's  ataxia  the 
patient  is  commonly  an  adolescent,  and  though  the  knee-  and  ankle- 
jerks  are  absent,  as  in  tabes,  the  pupils  react  normally,  there  are  no 
lightning  pains  nor  crises,  and  we  usually  find  nystagmus',  scoUosis  pes 
cavus,  and  a  peculiar  affection  of  articulation.  Jr  ataxic  paraplegL  or 
postero-lateral  sclerosis,  where  the  lateral  columns  are  implicated  as  well 
as  the  posterior,  the  patient  is  ataxic,  but  with  increased  knee-jerks, 
possibly  ankle-clonus,  and  usually  an  extensor  type  of  plantar  reflex. ' 


Fig.  147. — Gait  in  a  case  of  hysterical  monoplegia  of  right  leg. 

A  reeling  or  titubating  gait  is  one  of  the  commonest  signs  of  cerebellar 
disease,  although  it  is  also  met  with  in  severe  vertigo  of  any  variety, 
whether  from  alcoholic  intoxication,  from  ear  disease,  from  diplopia, 
or  other  cause.  In  cerebellar  disease  the  patient  staggers  along,  with 
an  occasional  sudden  lurch  to  one  or  other  side,  but  neither  lifting  his 
feet  too  high  nor  stamping  them  down,  as  in  tabes.  Unlike  tabes, 
cerebellar  ataxia  is  unaffected  by  closing  the  eyes.  Not  uncommonly 
the  cerebellar  patient  has  a  tendency  to  stagger  persistently  in  some 
particular  direction,  depending  on  the  position  of  the  cerebellar  lesion 
— thus  he  may  tend  to  fall  forwards,  backwards,  or  to  one  side.  In 
unilateral  cerebellar  lesions  the  foot  on  the  ipso-lateral  side  is  set 
down  irregularly  and  incorrectly,  hence  the  tendency  to  stumble 
towards  the  affected  side.  As  a  rule,  he  manages  to  pull  himself  up 
after  he  has  deviated  one  or  two  steps  from  his  straight  course.  In  some 
cases  of  unilateral  tumour  of  the  cerebellum,  in  the  region  of  the  vesti- 
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bular  nerve,  the  posture  of  the  head  is  altered,  the  ear  being  tilted  to- 
wards the  shoulder  on  the  side  opposite  to  the  lesion,  and  the  face 
turned  slightly  in  the  reverse  direction,  i.e.  towards  the  side  of  the 
lesion. 

This  is  well  seen  in  Fig.  148,  which  represents  a  woman  who  had  a 
tumour  originating  from  the  meninges  over  the  right  petrous  bone,  and 
invading  the  right  lateral  lobe  of  the  cerebellum.  This  growth  was  success- 
fully localised  and  removed,  but  the  patient  unfortunately  died  shortly 
after. 


Fia,  148. — Case  of  right-sided  extra-cerebellar  tumour  arising  frcm  sheath 
of  auditory  nerve,  showing  "vestibular  attitude"  of  head. 

This  "  vestibular  attitude,"  however,  although  common  in  lateral 
tumours,  is  not  constant  in  its  direction.  For  example,  cases  have  been 
recorded  in  which  the  lateral  tilting  of  the  head  was  towards  the  side 
of  the  lesion,  and  the  rotation  of  the  face  to  the  opposite  side. 

A  high-stepping  gait  occurs  in  patients  who  have  foot-drop.  Such 
a  patient,  to  clear  his  foot  from  the  ground,  lifts  the  leg  too  high, 
flinging  the  ankle  up,  as  it  were,  instead  of  actively  dorsiflexing  it. 
This  gait  occurs  typically  in  peripheral  neuritis,  also  in  muscidar 
dystrophies,  and  occasionally  in  lesions  of  the  cauda  equina  or  lower  part 
of  the  lumbosacral  region  of  the  spinal  cord.  It  also  occurs  unilaterally 
in  paralysis  of  the  external  popliteal  nerve.  The  gait  and  posture  of 
muscular  dystrophy  also  possess  other  characteristic  features.  Thus 
from  weakness  of  the  gluteal  muscles  the  patient,  in  the  erect  posture, 
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arches  his  back  in  order  to  keep  the  hips  extended  (see  Fig.  149); 
this  produces  lordosis  and  "  pot-belly."  Further,  the  weakness  of  the 
gutei  as  already  explained,  causes  a  waddling  gait,  the  legs  being 
planted  wide  apart;  and  as  we  have  already  seen,  the  mode  of  rising 
from  the  ground  in  such  cases  is  pathognomonic.  Such  a  patient 
when  placed  on  the  ground  and  told  to  get  up,  rolls  round  on  his  face, 
then  gets  on  his  hands  and  knees.  Then  to  get 
on  his  feet,  he  extends  the  knees,  and  suddenly, 
pressing  his  hands  on  one  knee  after  the  other, 
proceeds  to  extend  the  hips  and  straighten  the 


/ 
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Fig.  149. — ^Muscular  dystrophy  in  a  lad  of  17.    Showing  lordosis. 
Fig.  150. — ^Muscular  dystrophy  with  frog-like  posture  and  gait. 

spine  by  "  climbing  up  "  his  own  thighs  until  he  reaches  the  erect 
posture. 

In  the  later  stages  of  muscular  dystrophy,  when  the  patient  has 
lost  the  power  of  standing  erect,  he  may  still  remain  able,  for  a  time, 
to  get  about  with  a  characteristic  frog-like  gait,  walking  on  his  fingers 
and  toes. 

Fig.  150  is  an  example  of  the  frog-like  gait  in  a  man  of  26,  with  advanced 
myopathy,  chietly  in  the  lower  lijnbs.  He  was  first  noticed  to  walk  badly 
at  the  age  of  10,  but  until  the  age  of  24  he  was  able  to  get  about  with 
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sticks,  keeping  his  back  arched,  like  an  ordinary  myopathic  lordosis.  He 
then  rapidly  got  weaker  in  the  extensors  of  the  hips  and  knees,  and  these 
latter  joints  became  contractnred  in  the  flexed  position,  so  that  he  could 
only  get  about  by  resting  his  weight  on  the  tips  of  the  fingers  and  on  the 
heads  of  the  metatarsal  bones. 

In  some  cases  of  peripheral  neuritis  without  muscular  paralysis, 
but  with  acute  hyperaesthesia  of  the  soles,  the  patient  cannot  bear  to 


Fia.  151. — Case  of  peripheral  neuritis  from  "  trench-feet,"  with  hyper- 
sesthesia  of  soles. 


support  his  weight  on  the  feet.  Standing  and  walking  are  therefore,  for 
a  time,  impossible.  When  recovery  sets  in,  the  patient  passes  through 
a  stage  during  which  he  stands  and  walks  on  the  heels  only,  keeping 
the  front  part  of  the  feet  carefully  off  the  ground  (see  Fig.  151). 

The  posture  and  gait  of  paralysis  agitans  are  diagnostic,  so  much 
so,  that  patients  have  a  strong  family  resemblance  (see  Figs.  152  and 


POSTURES  AND  GAITS 


285 


153).  In  a  well-marked  case  the  patient  stands  with  the  trunk  stooping 
forwards,  the  face  appearing  rigid,  "  starched,"  and  expressionless- 
the  so-called  "  Parkinsonian  mask,"  in  which  there  is  little  or  no  emo- 
tional play  of  features.  The  blinking  reflex  of  the  eyelids  occurs 
much  less  frequently  than  normal,  so  that  the  pat-ent  has  a  character- 
istic stare.  The  upper  limbs  are  slightly  abducted  at  the  shoulders, 
semi -flexed  at  the  elbows,  slightly  extended  at  the  wrists,  flexed  at 
the  metacarpo -phalangeal  joints,  and  extended  at  the  inter-phalangeal 
joints,  as  if  holding  a  pen— the  "  interosseal  "  attitude— and  very  often 
they  show  the  familiar  rhythmic,  "  pill-rolling  "  tremor.  This  tremor 
may  affect  the  proximal  joints  as  well,  and  even 
the  lower  limbs,  face,  jaw,  palate  and  tongue. 
All  the  voluntary  movements  of  the  trimk  and 
limbs  are  slow  and  stiff,  the  upper  limbs  no 
longer ' '  swing ' '  as  the  patient  walks  (in  uni- 
lateral cases  this  loss  of  swing  is  confined  to  the 
arm  of  the  affected  side)  and  the  gait  is  "  festi- 
nant."  The  patient  has  to  walk  under  the 
guidance  of  his  cerebral  and  cerebellar  mechanisms, 
being  deprived  of  the  normal  assistance  of  the 
corpus  striatum,  and  especially  of  its  pallidal 
system.  He  moves  forward  with  short,  shuffling 
steps,  and  when  he  turns,  his  trunk  moves  slowly 
en  masse,  as  if  made  of  glass,  whilst  his  steps  in 
walking  tend  to  get  faster  and  faster,  as  if  he 
were"  chasing  his  own  centre  of  gravity."  This 
is  called"  propulsion."  Still  more  frequently  do  ''':-,,^t^^^:'' 
we  observe  "  retropulsion,"  in  which  the  patient, 
when  pulled  gently  from  behind,  tends  to  run  backwards  with 
short,  hasty  steps.  This  retropulsion  may  sometimes  be  induced  even 
by  the  act  of  looking  upwards.  A  slighter  degree  of  this  same  posture 
and  gait  is  not  uncommon  in  simple  old  age,  and  may  also  occur  in 
pseudo-bulbar  paralysis  and  in  the  multiple  lacunar  softenings  of  the 
brain  described  by  Marie  and  Ferrand  (g.  277). 

The  gait  in  chorea  is  sometimes  peculiar,  partly  owing  to  a  degree 
of  ataxia,  partly  from  the  presence  of  additional  irregular  involuntary 
movements.  Sometimes  one  foot  seems  as  if  it  were  momentarily 
entangled  by  an  invisible  obstacle,  which  holds  the  6hild  back  for  an 
instant,  the  patient  then  hastily  resumes  his  forward  progress;  or  his 
knee  may  give  way  suddenly,  causing  him  to  fall. 

Many  chronic  epileptics  have  a  peculiar  slouching  posture  and^gait, 
the  posture  of  the  hands,  as  Spratling^  has  pointed  out,  being  specially 

1  New  York  Medical  Journal,  1905,  p.  849. 
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characteristic.  The  fingers  are  habitually  flexed,  and  the  Wrists  bent  to 
a  right  angle,  and  the  patient  often  has  a  marked  forward  stoop  of  the 
shoulders. 


Fig.  163. — Paralysis  agitans — bilateral.  Showing  the  fixed  stare,  the  tooic 
contraction  of  the  sterno-mastoids,  and  the  characteristic  posturei  of  the 
upper  limbs. 


Various  deformities  produce  abnormalities  of  gait  and  posture.  If, 
for  example,  one  lower  limb  is  shortened  from  disease  of  the  bones  or 
joints,  from  malformations  such  as  coxa  vara  or  congenital  dislocation 
of  hip,  or  from  infantile  paralysis,  the  gait  becomes  correspondingly 
altered. 


CHAPTER  XVIII 

TEOPHO-NEUROSES 

The  central  nervous  system  exercises  a  profound  influence  on  the 
nutrition  of  all  the  tissues.  There  is,  however,  no  evidence  of  the 
existence  of  special  nerves  whose  function  is  trophic  and  trophic  only. 
The  control  over  nutrition  which  the  nervous  system  possesses  is  prob- 
ably exercised  in  a  complex  fashion,  in  which  several  factors  are 
involved.  Striated  muscle,  for  example,  undergoes  atrophy  when  the 
cells  of  the  corresponding  motor  nucleus  in  the  cord  or  medulla  are 
destroyed,  or  when  the  motor  nerve-fibre  leading  from  the  nerve-cell 
to  the  muscle-fibre  is  interrupted.  The  result  is  muscular  atrophy,  the 
different  varieties  of  which  we  have  already  studied  (see  p.  216). 

Afferent  nerve-fibres  conveying  sensory  impressions,  whether 
conscious  or  subconscious,  have  also  a  profound  influence  upon 
tissue-nutrition,  especially  upon  that  of  the  skin  and  its  appendages. 
Therefore  in  anaesthetic  skin- areas  trivial  injuries  are  liable  to 
produce  destructive  tissue-changes.  Lastly,  the  central  nervous 
system  indirectly  influences  the  tissues  through  their  blood-supply 
by  means  of  its  connections  with  the  vasomotor  system.  The 
vegetative  system  may  also  be  disordered  primarily,  apart  from  the 
central  nervous  system,  not  only  in  gross  lesions  of  the  sympathetic 
chain,  but  also,  in  the  so-called  angio-neuroses. 

Excluding,  then,  the  muscular  atrophies  and  the  angio-neuroses, 
which  are  studied  elsewhere,  let  us  direct  our  attention  to  certain 
trophic  disorders  which  are  associated  more  or  less  directly  with  affec- 
tions of  the  cerebro-spinal  nervous  system.  Trophic  disorders  may 
be  distributed  widely  all  over  the  body,  or  they  may  be  limited  to 
certain  circumscribed  areas  corresponding  to  a  peripheral  nerve,  to  a 
posterior  root,  or  to  some  division  of  the  spinal  cord  or  brain. 

Generalised  Trophic  Disorders .Of  these,  one  of  the  best  examples 

is  the  well-known  anorexia  nervosa.  Inthis  affection,  without  evidence 
of  structural  disease  of  any  organ,  the  patient  (generally  a  young 
woman)  loses  appetite  and  becomes  progressively  emaciated,  often  to 
a  profound  degree.  The  condition  sometimes  follows  a  shock,  physical 
or  emotional,  perhaps  an  affaire  du  coeur,  though  in  other  instances  we 
can  find  no  apparent  exciting  cause.     In  diagnosing  this  condition, 
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we  have  first  to  exclude  other  conditions,  such  as  diabetes,  tuberculosis, 
and  malignant  disease,  which  commonly  produce  emaciation.  The 
patient  generally  exhibits  other  hysterical  phenomena.  Of  these,  perhaps 
the  most  frequent  is  a  hemi-ansBsthesia,  usually  slight  in  degree  and 
generally  left-sided  (see  later,  p.  375). 

In  marked  contrast  to  this  is  the  rare  affection  known  as  adiposis 
dolorosa,  or  Dercum's  disease,  probably  due  to  disorder  of  the  endo- 
crine glands.  It  occurs  chiefly  in  middle-aged  women,  many  of  the 
patients  being  alcoholic  or  syphilitic.    The  patient  is  diffusely  obese, 


Fig.  154. — Adiposis  dolorosa  in  a  woman  of  37. 

and,  in  addition,  she  has  localised  fatty  lumps  in  the  subcutaneous 
tissue,  forming  large  pendulous  swellings,  chiefly  on  the  limbs  and  trunk. 
These  swellings  may  be  symmetrical  or  asymmetrical.  They  appear 
and  steadily  increase  in  size,  and  consist  of  fat  and  of  an  embryonic 
form  of  connective  tissue.  The  arms  are  most  frequently  the  sites  of 
the  swellings,  which  are  usually  tender  on  pressure  and  may  have 
spontaneous  pains.  Certain  areas,  such  as  the  hands,  feet,  and  face, 
are  always  spared.  The  nerve-trunks  are  tender,  and  there  may  be 
areas  of  blunting  or  loss  of  cutaneous  sensibility.  Sometimes  the 
pituitary  and  thyroid  glands  are  indurated,  but  the  patient  has  none  of 
the  mental  or  physical  features  of  myxoedema,  though  she  often 
complains  of  mental  lassitude  and  muscular  asthenia. 
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A  curious  condition  of  the  bones  results  from  hypertrophy  or 
functional  over-activity  of  the  anterior  lobe  of  the  pituitary  gland.^ 
Hyper-secretion  by  this  gland  sets  free  in  the  body  certain  abnormal 
substances  whose  action  is  to  cause  an  extraordinary  growth  of  bony 
tissues.  If  the  disease  sets  in  before  the  age  at  wj^ich  the  epiphyses  have 
become  joined,  the  bones  grow  enormously  in  all  their  dimensions,  and 


na.  155. 


Fig.'  155a. 


Acromegaly  of  eight  years'  duration  in  a  man  aged  42.    The  patient 
had  bi-temporal  hemianopia. 


the  result  is  gigantism.  But  if  the  affection  begins  after  the  epiphyses 
have  united,  the  overgrowth  of  the  bones  is  confined  to  their  ends, 
producing  acromegaly. 

The  phenomena  of  acromegaly  are  very  characteristic  (see  Figs.  155 
and  155a).     There  is  a  progressive  enlargement  of  the  bones  and  soft 

^  Acromegaly  cannot  be  ascribed,  as  was  formerly  thought,  to  deficient  pituitary 
secretion,  for  as  Tambnrini  and  Modena  have  pointed  out  (Bivista  sperimeniale  di 
fieniatria,  1903,  fasc.  3  and  4),  experimental  destruction  of  the  gland  does  not  cause 
acromegaly,  nor  do  malignant  growths  nor  tubercuhnis  disease  of  the  gland  produce 
it,  but  only  conditions  such  as  hypertrophy  or  adenomatous  hyperplasia. 

19 


290 


NERVOUS  DISEASES 


parts,  most  marked  iix  the  hands  and  feet,  but  also  affecting  other  parts, 
notably  the  skull  and  face.  The  skull  becomes  enlarged  and  thickened, 
all  its  bony  ridges  are  exaggerated ;  the  margins  of  the  orbits,  the  cheek- 
bones, and  most  striking  of  all,  the  lower  jaw,  become  enlarged.  The 
mandible  becomes  prognathous,  the  lower  teeth  biting  in  front  of  the 
upper,  instead  of  vice  versdy  and  the  teeth  become  widely  separated. 
The  soft  parts  also  share  in  the  hypertrophy.  The  lower  lip,  nose, 
tongue,  uvula,  tonsils,  and  the  cartilages  of  the  ears,  all  become  en- 


FiG ,  1 56. — ^Left-sided  hemi-liypertrophy. 

larged,  and  the  skin  of  the  face  becomes  thick  and  coarse.  The  hands 
and  feet  increase  in  size  (not  the  nails),  so  that  the  patient  requires  gloves 
and  shoes  several  sizes  larger  than  before.  Spinal  curvature  is  also 
present,  usually  a  cervical  kyphosis,  and  the  thorax,  pelvis,  and  even 
the  external  genitals  become  enlarged. 

In  addition,  we  meet  with  symptoms  referable  to  disorder  of  the 
posterior  lobe.  Thus  in  the  early  stage  of  su])er-pituitarism  there  is 
often  a  spontaneous  glycosuria,  whereas  in  the  later  stage,  when  symp- 
toms of  sub-pituitarisra  supervene   (low  blood-pressure,  dry  skin, 
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subnormal  temperature),  there  is  found  a  high  sugar-tolerance  (see 
p.  25),  so  that  excessive  amounts  of  glucose,  400  grammes  or  more, 
can  be  taken  without  inducing  an  overflow  glycosuria.  In  female 
patients  amenorrhcea  occurs. 

In  addition  to  these  phenomena  the  acromegalic  patient  complains 
of  severe  headaches,  owing  to  the  intra-cranial  pituitary  tumour. 
This  tumour,  from  its  position  in  the  sella  f^<rc^ca,  frequently  encroaches 
on  the  adjacent  optic  chiasma,  and  then  there  is  produced  a  corre- 
sponding affection  of  the  visual  fields  (see  p.  121)  usually  commencing  as 
a  bi-temporal  hemianopia,  which  may,  as  the  disease  advances,  progress 
to  complete  blindness. 

Apart,  however,  from  pituitary  disease,  which,  strictly  speaking, 
although  intra-cranial,  is  not  primarily  a  nervous  disorder,  we  some- 
times have  widespread  overgrowth  of  the  tissues,  confined  to  one  half 
of  the  body  and  probably  of  cerebral  origin.  Fig.  156  represents  such 
a  patient  with  left-sided  hemi-hypertro'phy,  in  whom  all  the  bones  of  the 
left  side  (as  verified  by  skiagrams),  including  those  of  the  face,  limbs, 
pelvis  and  thorax,  together  with  the  soft  tissues  of  the  face,  tonsil, 
tongue  and  testicle,  were  larger  than  on  the  right  side.  But  the  right 
side  of  the  cranium,  and  presumably  also  the  right  side  of  the  brain, 
were  larger  than  the  left. 

Passing  next  to  trophic  disorders  of  more  limited  distribution,  it 
is  convenient  to  discuss  them  in  certain  groups. 

Trophic  Changes  in  the  Skin  and  its  Appendages.— Complete  section 
of  a  cutaneous  nerve  is  often  followed  by  loss  of  hairs,  hypo-trichosis, 
more  or  less  complete,  in  the  corresponding  skin-area,  which  is  also 
ansesthetic.  Together  with  this  there  is  usually  diminution  of 
sweating,  so  that  the  skin  is  not  only  thinned  and  hairless,  but  also  dry. 
This  affected  area  of  skin  bleeds  too  easily  when  pricked,  and  tends  to 
ulcerate  after  trivial  injuries. 

Incomplete  section  of  cutaneous  nerve-trunks,  on  the  other  hand, 
tends  to  produce  hyper-trichosis  of  the  corresponding  area  of  skin,  so 
that  the  hairs  grow  more  abundantly  than  normal.  Together  with 
this,  there  is  usually  excessive  localised  sweating. 

Traumatic  lesions  of  peripheral  nerves  (altogether  independently 
of  septic  infection  and  without  injury  to  the  main  vessels  of  the  limb) 
are  often  followed  by  progressive  endarteritis  of  the  arteries  which  are 
innervated  by  the  affected  nerve.^  It  will  be  remembered  that  incom- 
]>lete  nerve-injuries  are  sometimes  followed  by  an  early  stage  of  primary 
vaso-dilatation  of  the  corresponding  skin-area,  together  with  increased 
surface-temperature,  excessive  sweating  and  spontaneous  pain  (see 
Thermalgia,  p.  183).  Later  on,  these  phenomena  pass  off  and, 
1  Stopford,  Lani-et,  March  30,  1918,  p.  465. 
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concurrently  with  the  development  of  local  endarteritis  and  isehsemia, 
are  followed  by  pallor,  dryness  and  coldness  of  the  affected  fingers  or 
toes,  sometimes  with  small  localised  patches  of  gangrene;  meanwhile, 
there  is  paralysis  with  sclerosis  and  contracture  of  the  muscles,  and 
decalcification  of  the  bones  supplied  by  the  affected  nerve.  It  is 
probable  that  the  trophic  disturbances  following  irritative  nerve 
lesions  are  mainly  due  to  vascular  changes  in  the  territory  of  the 
affected  nerve. 

Glossy  skin  is  a  condition  met  with  chiefly  in  the  hands  in  cases 
of  long-standing  peripheral  nerve  palsies,  whether  traimiatic  or 
neuritic  in  origin. 


Fio.  li>7. — ^Rifilit-sidod  brachial  neuritis  with  glossy  .-kin  and  tapering  finger-tips. 

Glossy  skin  is  also  a  frequent  accompaniment  of  osteo-arthritis,  not 
only  in  the  ordinary  "  rheumatoid  "  variety,  but  also  in  the  arthritis 
which  comes  on  in  hemiplegic  limbs.  The  skin  of  the  fingers  becomes 
thinned  and  atrophic,  with  a  peculiar  smooth,  shiny  surface  The  nails 
in  many  cases  are  altered,  being  longitudinally  striated  and  excessively 
curved  from  side  to  side.  The  finger-pads  are  wasted  and  the  finger- 
tips taper  to  a  point,  as  is  seen  in  Fig.  157,  which  is  taken  from  a  case  of 
right-sided  brachial  neuritis. 

Perforating  ulcers  occur  most  typically  in  tabes  dorsalis.  They 
are  generally  situated  on  the  foot,  on  its  plantar  surface,  especially 
at  the  metatarso-phalangeal  joint  of  the  great  or  little  toe.  They  may 
also  occur  under  the  heel  or  under  the  terminal  ])halanx  of  the  hallux. 
Each  ulcer  begins  as  a  thickening  of  the  epidermis,  like  a  corn.  Sup- 
puration occurs  imder  this,  and  the  pus  finds  its  way  out  through  a 
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small  opening  in  the  centre  (Fig.  158).  A  narrow  sinus  is  thus  formed 
which  increases  in  depth  until  it  may  extend  into  the  joint  beneath, 
which  is  often  disorganised,  and  carious  bone  may  be  felt  at  the 
bottom.  Sometimes  the  ulcer  heals  up  under  treatment.  The  tabetic 
perforating  ulcer  is  painless.  Somewhat  similar  trophic  ulcers  are  met 
with  in  certain  cases  of  s'pina  bifida  occulta  and  also  in  syringomyelia^ 
but  in  this  latter  disease  they  are  commoner  in  the  hands.  Diabetic 
neuritis  is  also  occasionally  associated  with  perforating  ulcers  of  the 


Fig.  158. — Perforating  ulcers  in  tabes, 

feet,  a  minor  variety  of  diabetic  gangrene.  In  leprmis  neuritis  per- 
forating ulcers  are  not  infrequent,  though  it  is  commoner  to  have  a 
still  more  extensive  loss  of  tissue,  whole  phalanges  disappearing  from 
the  fingers  and  toes  (see  Fig.  177).  Painless  whitlows — in  so-called 
"  Morvan's  disease,"  a  sub- variety  of  syringomyelia,  are  found  at  the 
finger-tips.  These  whitlows  are  sometimes  the  result  of  trivial  injuries 
wliich  in  a  normal  individual  would  not  produce  any  serious  results. 
In  other  cases  the  explanation  is  found  in  the  absence  of  sensibility  to 
temperature  and  pain,  which  is  characteristic  of  the  disease,  so  that 
the  patient  burns  the  lingers  painlessly  and  produces  blisters  and  even 
areas  of  sloughing. 
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III  certain  cases  of  tabes  there  may  be  a  perforating  ulcer  in  the 
mouth.  First  the  teeth  become  loosened  and  fall  out,  then  the  alveolar 
margin  of  the  jaw  is  absorbed,  and  if  the  upper  jaw  be  affected  a 
perforation  into  the  nasal  cavity  may  be  established. 

Herpes  zoster  is  a  very  typical  example  of  a  trophic  cutaneous 
disorder  wliich  has  a  direct  nervous  origin,  viz.  inflammation  or  throm- 
bosis of  the  corresponding  posterior-root  ganglion.  In  this  affection  a 
crop  of  vesicles  appear,  which  are  distributed  in  a  definite  metameric 


FlO.  159. 

Horiies  zoster  in  area  of  fifth 
dorsal  root.  Second  day  after 
apjjearance  of  eniption. 


Yia.  159a. 

Herpes  zoster — the  same  patient  as  in 
Fig.  159.  Eruption  surrounds  llie 
nipple,  and  thence  extends  inwards 
to   mid-stemum. 


area,  corresponding  to  the  posterior  root  whose  ganglion  is  diseased. 
In  the  case  of  facial  herpes  it  is  the  Gasserian  ganglion  which  is  inflamed, 
in  whole  or  in  part,  whilst  herpes  of  the  external  auditory  canal  is 
associated  with  inflammation  of  the  geniculate  ganglion.  The  herpetic 
vesicles  usually  become  pustular  and  subsequently  permanent  scars 
may  remain.  Herpes  is  sometimes  preceded,  for  a  day  or  two,  by 
})re-herpetic  pain  in  the  area  in  which  the  eruption  is  about  to  appear; 
and  not  infrequently  the  eruption  is  followed  by  prolonged  and  in- 
intractable  post-herpetic  neuralgia  (see  p.  175).  Figs.  159  and  159a 
are  from  a  typical  case  of  herpes  in  the  area  of  the  fifth  thoracic  root. 
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Sometimes  herpes  develops  in  the  course  of  diseases  of  the  vertebrao 
or  of  the  spinal  meninges.  Such  an  occurrence  signifies  that  the 
morbid  2)rocess  has  attacked  the  corresponding  posterior- root  ganglion 
or  ganglia.  Even  in  simple  herpes  zoster  we  can  sometimes  elicit 
Kernig's  sign^  (see  p.  60). 

Bed-sores  result  from  inflammatory  and  destructive  changes  in  the 
skin  and  underlying  tissues  of  bed- 
ridden patients,  whether  in  persons 
merely  enfeebled  by  prolonged  ill- 
ness (especially  in  enteric  fever),  or, 
more  commonly,  in  severe  organic 
paralysis,  such  as  hemiplegia  or 
paraplegia.  Most  bed-sores,  occur- 
ring as  they  do  at  the  sites  of  pres- 
sure, can  be  prevented  by  careful 
nursijig,  by  keeping  the  patient's 
skin  scrupulously  clean  and  dry, 
by  placing  him  on  a  water-bed, 
and  by  hardening  the  epidermis  by 
local  applications  of  methylated 
spirit.  But  sometimes,  in  spite  of 
the  most  assiduous  nursing,  bed- 
sores develop  within  a  few  days  or 
even  within  a  few  hours  of  an  initial 
paraplegia  or  hemiplegia.  This  so- 
called  acute  decubitus  is  of  grave 
omen. 

The  commonest  site  for  a  bed- 
sore in  a  hemiplegic  patient  is  over 
the  great  trochanter  on  the  para- 
lysed side.  In  paraplegia  from  cord 
lesions,  e.g.  acute  myelitis,  the 
bed-sore  commonly  forms  over  the 

middle  of   the  sacrum    (Fig.    160).  ^vs.   160.  —  Lumbo-sacral   myelitis   with 

A  bed-sore  commences  as  an  area        sa^^^al  bed-sore  or  decubitus.    Showing 

-        ,  ,.         ,.       ,„      J,  atrophy  and  paralysis  of  muscles  below 

Of  redness  of  the  skm,  bullae  then        left  knee.     The  small  chart  on  the  right 

develop    and    burst,    leaving    an 

ulcerating    or    sloughing     surface 

beneath.     The  sloughing  process  may  extend  down  to  the  periosteum 

and  bones,  and  in  sacral  decubitus  the  infection  may  extend  into  the 

1  This  fact,  together  with  the  frequent  occurrence  of  lymphocytosis  of  the  cerebro- 
spinal fluid,  shows  that  in  herpes  zoster  the  pathological  process  is  not  limited  to 
tne  posterior  root-ganglionjlbut  is  part  of  a  more  widely  diffused  meningeal  irritation. 
Bilbeza,  Archives  gencrales  de  MM.,  Feb.  27,  1900. 


left  knee. 

indicates   the   coexisting    area   of    an 

aesthesia. 
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vertebral  canal,  producing  a  fatal  cerebro-spinal  meningitis,  septic 
organisms  gaining  access  not  only  from  the  skin,  but  from  the  intes- 
tinal discharges.  Bed-sores  are  also  met  with  in  advanced  cases  of 
bedridden  dementia,  even  where  there  is  no  paralysis.  In  these 
patients,  as  in  cases  of  prolonged  fever,  the  sores  develop  on  the 
pressure  points,  viz.  the  heels,  hips,  backs  of  the  scapulae  and  even 
on  the  inner  sides  of  the  knees.  We  also  meet  with  excoriations  of  the 
skin,  which  may  amount  to  bed-sores,  in  cases  of  violent  chorea  in 
which  the  patient  knocks  his  limbs  against  surrounding  objects. 

Before  leaving  the  subject  of  destructive  trophic  lesions  of  the 
skin,  we  must  mention  symmetrical  gangrene^  a  localised  gangrene 
chiefly  occurring  in  the  tips  of  the  fingers  and  toes,  and  preceded  by 
pains  or  parsBsthesise  of  the  parts.  But  to  this,  the  most  severe  phase 
of  Raynaud's  disease,  we  shall  refer  again  when  we  consider  the  angio- 
neuroses. 

The  commonest  points  of  incidence  of  rodent  ulcers  on  the  face  are, 
as  Cheatle^  has  shown,  at  the  positions  where  the  various  branches  of 
the  trigeminal  nerve  become  cutaneous,  especially  over  the  points  of 
emergence  of  the  infra- orbital,  inf ra- trochlear,  temporo-malar  and 
lacrymal  nerves,  and  also  with  particular  frequency  at  the  inner 
canthus  of  the  eye  and  at  the  angle  where  the  ala  nasi  joins  the  cheek. 
He  has  also  shown  that  these  spots  are  the  favourite  points  of  incidence 
of  leucoderma  and  scleroderma.  The  precise  significance  of  these  facts 
is  still  obscure,  but  Cheatle  has  also  recorded  the  curious  fact  that 
rodent  ulcers  are  frequently  limited  to  the  distribution  of  normal 
nerve- areas  and  that  the  spread  of  a  rodent  ulcer  ceases  abruptly 
when  it  reaches  a  cutaneous  area  which  has  become  denervated  by 
division  of  its  sensory  nerves. 

There  are  other  trophic  lesions  unaccompanied  by  necrosis  or 
ulceration,  and  consisting  in  local  changes  affecting  one  or  more 
elements  of  the  skin  or  subcutaneous  tissues,  whether  in  the  direction  of 
atrophy  or  of  hypertrophy.  Perhaps  the  most  tj^ical  exam])les  of  this 
variety  are  scleroderma,  leucoderma,  and  cutaneous  nsevi.  Scleroderma 
is  a  disease  in  which  the  skin  becomes  abnormally  hard  and  fibrous 
The  condition  may  be  diffuse  or  circumscribed.  In  the  rarer  diffuse 
variety,  large  areas  of  skin,  usually  symmetrical,  and  especially  on  the 
upi)er  limbs,  become  hard  and  rigid,  losing  their  elasticity,  so  that  the 
affected  skin  can  no  longer  be  pinched  up  with  the  fingers.  Sometimes 
there  is  a  preliminary  oedematous  stage.  As  the  disease  advances,  the 
sclerotic  process  may  extend  to  deeper  structures  such  as  tendons,  and 
this,  with  the  rigidity  of  the  skin,  limits  the  movements  of  the  joints 
and  may  produce  permanent  deformities.     If  the  fingers  are  affected, 

1  Brit.  Med,  Journal,  April  29,  1905 
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they  become  taperiug  at  the  tips  and  permanently  flexed.  If  the  face 
is  affected,  it  becomes  immobile  and  mask-like.  Circumscribed 
scleroderma,  or  morphoea,  is  the  commoner  variety,  in  which  small 
patches  of  skin  become  hard,  white  and  ivory-like,  the  distribution  of 
the  patches  being  somewhat  similar  to  those  of  herpes  zoster — i.e. 
metamerically,  in  the  area  of  a  posterior  root,  or  of  one  of  the  divisions 
of  the  trigeminal  nerve  on  the  face. 


FlO.  101.         !    1  ->  fXG.  16X4. 

Congenital  verrucosis  of  metameric  distribution. 

Leucoderma,  or  disappearance  of  pigment  from  circumscribed 
patches  of  skin,  is  also  commonly  distributed,  more  or  less,  in  nerve- 
areas.  The  jjatch  of  absolute  pallor  has  a  pigmented  edge  where  it 
joins  the  normal  skin,  and  it  tends  to  spread  slowly  along  the  particular 
area.  This  disease  is,  of  course,  most  striking  when  it  affects  patients 
of  sallow  complexion  or  of  dark-skinned  race.  Leucoderma  also 
occurs  in  the  maculo-anaesthetic  type  of  leprosy,  where  the  leucodermic 
patches  are  often  red  and  hyperaesthetic  at  the  edges  and  anaesthetic  in 
the  centre. 

Figs.  161  and  101  a  represent  a  little  girl    aged  eight,  in  whom 
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patches  of  warty  growths  were  distributed  in  segmental  spinal  areas  on 
the  limbs  and  trunk. 

"Congenital  cutaneous  naevi — "  port- wine  stains" — are  also  com- 
monly distributed  in  root-areas  on  the  trunk  or  in  the  trigeminal 
distribution  on  the  face.  The  trigeminal  area  is  affected  with  special 
frequency,  one,  two,  or  all  three  divisions  of  the  trigeminal beingmapped 
out"  more  or  less  accurately.     It  is  anHnteresting  fact  that  a  cutaneous 


riG,  103.  Fio.  ie2A. 

von  Becklinghaasen's  disease  in  a  man  aged  38. 

naevus  on  the  face  may  be  associated  with  hypertrophy  of  the  subjacent 
ileep  tissues,  with  enlargement  of  the  eyeball,  and  even  with  a  naevoid 
condition  of  the  nasal  mucous  membrane  and  of  the  dura  mater  on  the 
corresponding  side,  all  of  which  structures  are  innervated  by  the 
trigeminal  nerve.  More  than  this,  cases  of  nsBvus  of  the  face  may  be 
associated  with  recurrent  epistaxis  from  the  naevoid  nasal  mucosa,  and 
sometimes  they  develop  sudden  infantile  hemiplegia  with  epileptiform 
convulsions,  due  to  sub-dural  haemorrhage  from  the  dural  naevus.^ 

Large  neuro-fibromata — so-called  plexiform  neuroma,  or  eleyhan- 
tiasis  nervorum — are  more  common  oji  the  trigeminal  nerve,  especially 
*  Gushing,  Journal  of  American  Med.  Association,  1906,  p.  178. 
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in  its  upper  divisions,  than  on  any  other  nerve  of  the  body.  Such  a 
tumour  is  generally  part  of  a  more  widespread  affection  known  as 
von  Rebklinghausen's  disease  {see  Figs.  162,  162a).  In  this  disease 
we  find,  in  a  complete  case,  neuro- fibromata,  often  of  fairly  large  size, 
forming  painless  swellings  on  the  face  or  elsewhere,  together  with  multiple 
soft  fibromata  of  the  skin  forming  sessile  or  pedunculated  growths 
{known  as  molluscum  fibrosum)  and  also  patches  of  "  cafe  au  lait " 


Fio.  163. — Case  of  left-sided  hemiplegia  with  liEemorrhages  under  all 
the  finger-nails  on  the  left  side,  and  under  the  nail  of  the  right 
little  finger. 

cutaneous  pigmentation  distributed  more  or  less  definitely  in  nerve- 
areas.  The  neuro-fibromata  of  von  Recklinghausen's  disease  do  not 
cause  symptoms  except  by  accidental  mechanical  compression  of  ad- 
jacent structures.  The  disease,  which  sometimes  runs  in  families,  often 
appears  in  childhood  and  remains  stationary  for  many  years,  when  it 
may  suddenly  resume  its  spread,  new  tumours  cropping  out  all  over 
the  body. 

Various  cutaneous  lesions  are  present  in  many  cases  of  arsenical 
neuritis,  A  brownish  macular  pigmentation  of  the  skin  is,  of  course, 
common  in  chronic  arsenical  poisoning  without  neuritis.  But  in 
arsenical  neuritis  we  frequently  observe  special  cutaneous  affections,. 


300 


NERVOUS  DISEASES 


Fia.  104. 


iia.  161i. 

Spina  bifida  occulta. 

V\^.  liM  shows  a  hairy  luolo  at  level  of  first  sacral 
vertebra. 

Fig  ItJ^A  is  a  radiogrram  showing  normal  vcrtcbni! 
down  to  level  of  third  lumbar.  The  fourth 
lumbar  arch  Is  lncoini>lete.  Below  that  level  all 
the  liiminic  are  ImiKjrfoct  and  are  widely  oi>cucd 
nut,  leanog  the  vertebral  canal  unroofed. 


such  as  glossy  skin,  herpes  zoster, 
falling  of  the  hair,  and,  most 
characteristic  of  all,  hyperkera- 
tosis of  the  palms  and  soles,  where 
the  epidermis  becomes  much 
thickened  and  tends  to  des- 
quamate. In  addition  to  these 
skill  lesions,  we  have  the  ordinary 
signs  of  a  2>6ripheral  neuritis, 
such  as  drop-wrist,  drop-foot, 
etc. 

Progressive  descending  lipo- 
dystrophy^ is  another  rare 
trophic  disorder,  nearly  always 
confined  to  the  female  sex  and 
commencing  at  ages  varying  from 
ten  to  thirty  years.  In  this 
malady  the  subcutaneous  fat 
disappears  from  the  face  and 
neck,  and  later  from  the  upper 
limbs  and  trunk,  so  that  the 
muscles  become  abnormally  dis- 
tinct. In  the  case  shown  in 
Fig.  165  the  process  of  fat- 
absorption  advanced  from  above 
downwards  at  the  rate  of  about 
one  inch  every  year.  The  lower 
limbs  and  buttocks,  on  the  other 
hand,  remain  plump,  and  may 
even  be  excessively  fat.  The 
eyes  become  sunken  from  dis- 
appearance of  orbital  fat, 
although  this  is  not  constant. 
The  mammary  fat  may  remain 
unaffected. 

Trophic  changes  are  some- 
times present  in  the  hair.  Hyper- 
trichosis, or  excessive  growth 
of  the  hair,  is  met  with  most 
frequently  on  "  hairy  moles," 
which  are,  moreover,  ex- 
cessively pigmented  in  the  skin  as 


1  Parkes  Weber,  Brit.  Med.  Journal,  1913,  p.  1164. 
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well.  It  is  important  to  remember  that  a  hairy  mole  in  the  lumbo- 
sacral region  is  often  an  indication  of  a  spina  bifida  occulta.  Fig.  164 
shows  a  man,  entirely  devoid  of  paralytic  signs  or  symptoms,  in  whom 
at  the  level  of  the  first  sacral  vertebra  there  was  a  horizontal  pigmented 
depression  in  the  skin,  at  the  middle  line,  from  which  a  few  long  hairs 


EiG.  165. — ^Descending  lipo-dystrophy. 

were  growing.  A  gap  could  be  felt  in  the  vertebral  spines  at  this  level. 
Half  an  inch  to  the  right  of  the  fourth  lumbar  spine  was  another  smaller 
dimple,  attached  by  its  deeper  part  to  the  bony  structure.  The 
radiogram  (Fig.  1  64a)  showed  that  the  vertebral  laminae  of  the  sacro- 
coccygeal and  lower  lumbar  vertebrae  failed  to  meet  in  the  middle  line. 
Local  hypertrichosis  also  occurs  occasionally  in  partial  injuries  of  the 


302 


NERVOUS  DISEASES 


corresponding  cutaneous  nerve.  The  hair  may  also  be  affected  in 
various  ways  in  other  nervous  affections.  Well-authenticated  cases 
have  been  recorded  of  blanching  of  the  hair  of  the  scalp  within  a  few  hours 
as  a  result  of  profound  emotion.  It  is  not  uncommon  to  meet  with 
patches  of  whitened  hair  in  nerve-areas  which  have  been  the  site  of 
severe  neuralgia.  Even  in  the  ordinary  greyness  of  advancing  years, 
and  in  the  idiopathic  premature  greyness  of  youth,  as  Cheatle^  pointed 
out,  the  maximum  greyness  often  appears  in  nerve-areas  in  the  scalp 
and  beard.     We  also  meet  with  localised  alopecia,  in  which  the  hair 


Fia.  166. 


Fia.  lOOA. 


Ri'^ht-sided  facial  hemiatrophy,  also  implicating  the  corresponding  side 
of  the  tongue. 

falls  out  suddenly  in  a  certain  circumscribed  area.  Sometimes  this 
occurs  after  an  acute  febrile  illness,  e.g.  influenza.  Other  cases  occur 
spontaneously  after  shell-wounds  of  the  cranium,  the  hair  falling  out 
suddenly  in  one  or  more  patches  after  an  interval  of  several  weeks 
from  the  original  trauma.  Such  patches  are  not  necessarily  at  the  site 
of  the  wound,  but  may  occur  at  any  part  of  the  scalp.  Other  cases  of 
localised  alopecia,  again,  are  produced  by  the  action  of  X-rays  em- 
ployed for  the  diagnosis  of  cranial  fractures.  Many  patients  with 
exophthalmic  goitre,  as  Walsh  pointed  out,^  have  a  bilaterally  sym- 
metrical band  of  alopecia  at  the  frontal  end  of  the  scalp. 

1  Brit.  Med.  Journal,  July  22,  1905.  «  Lancet,  1907,  p.  1080. 


PLATE  IL 

Sub-ungual  haemorrhages  in  a  woman  aged  42  in  whom,  eighteen  months 
after  an  attack  of  left  hemiplegia,  there  occurred  acute  swelling  and  redness 
of  the  left  hand,  to  a  lesser  degree  in  the  left  foot,  and,  a  few  days  later,  in  the 
right  little  finger.  The  finger-tips  became  deeply  cyanosed,  bulla)  developed 
on  the  hand,  and  were  followed  by  desquamation. 

The  drawing  shows  the  condition  two  and  a  half  months  later,  the  nails 
having  grown  to  some  extent.^  The  left  hand  was  hotter  than  the  right,  and 
perspired  more  freely. 
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TTypertricliosis  of  the  eyebrows  is  sometimes  associated  with 
hyperth}T:oidism,  whilst  a  varying  degree  of  supra-ciliary  alopecia  is 
one  of  the  signs  of  thyroid  insufficiency  {signe  de  saurcil),^  and  affords 
an  indication  for  thyroid  medication.  We  occasionally  meet  with 
cases  of  universal  alopecia^  in  which  the  hairs  all  over  the  body  fall  out, 
and  the  patient  remains  permanently  hairless,  his  skin  meanwhile  being 
considerably  thinned. 

Trophic  changes  in  the  nails  occur  in  a  number  of  nervous  diseases. 
Sometimes  the  nails  become  hypertrophied,  as  in  the  toe-nails  of 


^  9  ^^  r 


^%i 


FiQ.  167. — Hemi-hypertrophy  of  right  side  of  face. 

patients  with  chronic  paraplegia  from  any  cause.  In  peripheral 
neuritis,  especially  the  arsenical  variety,  we  may  meet  with  excessive 
curving,  brittleness,  atrophy  and  even  falling  of  the  nails.  In  tabes 
the  toe-nails,  especially  those  of  the  big  toes,  are  sometimes  shed, 
whilst  in  some  cases  of  cerebral  hcemorrhage  we  find  haemorrhages 
under  the  nails  of  the  hemiplegic  hand  (Fig.  163  and  Plate  II.).  As  the 
nail  grows,  the  haemorrhagic  area  is  gradually  cast  off. 

Trophic  Changes  in  Bones  and  Joints. — An  affection  which  possesses 
characters  common  to  this  group  and  to  the  group  of  cutaneoustrophic 
lesions  is  progressive  facial  hemiatrophy.  It  is  probably  referable,  as  we 
have  already  seen,  to  a  lesion  of  the  trigeminal  nerve  or  nucleus.    Not 

1  Michel,  These  de  Paris,  1911. 
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only  is  the  skia  on  the  affected  side  of  the  face  atrophied  and  wrinkled, 

but  the  bones,  apd  especially  the  lower  jaw,  become  smaller  (Figs.  1G6 

and    166a).      Still    more    rarely 

we    meet    with    cases    of  facial 

hemihypertrophy,    in  which    the 

bones  and  soft  parts  of  one  side 

of  the  face  become  progressively 

larger.     In    the    case    shown   in 

Fig.    167,    the    enlargement    of 

the  face  followed   an    injury  in 

childhood  to  the  ipsolateral  side 

of  the  forehead. 

It  is  not  uncommon  to   find 


Fig.  169. — Old  poliomyelitis  anterior 
acuta.  Paralysis  and  atrophy  of  biceps, 
triceps,  and  deltoid  on  left  side,  with 
arrested  growth  of  humerus. 

atrophic  changes  in  the  bones  of 
paralysed  limbs.  In  paralytic  affec 
tions  of  children,  whether  of  the 
upper  neurone  type,  as  in  infantile 
hemiplegia  (Fig.  168),  or  of  the 
lower  neurone  type,  as  in  acute 
anterior  poliomyelitis  (Fig.  169),  the 
bones  of  the  paralysed  limb  become 
arrested  in  their  growth  and  are 
smaller  in  all  their  dimensions  than 
are  the  healthy  limbs.  Even  in  some 
case-8  of  hemiplegia  in  adults  the  bones  of  the  paralysed  limbs  become 
excessively  brittle.     I  remember  a  case  of  hemiplegia  in  a  middle-aged 


Fio.  16H. — Old  infantile  hemiplegia, 
left-sided,  with  arrestetl  growth  of 
limbs. 
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Woman  in  whom  moderate  passive  movements  under  an  anaesthetic, 
during  an  attempt  to  break  down  adhesions  in  the  hip-joint  of  the 
hemiplegia  side,  caused  a  fracture  of  the  neck  of  the  femur.  The 
brittleness  of  the  bones  in  certain  insane  patients  and  their  liability  to 
fractures  from  trivial  injuries  are  well  known.  Moreover,  there  is  a 
rare  disease  known  as  idio]}a,t}\io  fra-gilifas  nstihini.  in  which  the  patient. 


Fio.  170. — Tabetic  arthropathy  of  both  kuces  and  of  right  f<>u(.     TIic  patient's 
right  leg  is  tied  to  tlie  chair  to  prevent  involuntaxy  tabetic  movements. 


otherwise  healthy,  may  fracture  his  bones  from  minimal  accidents,  as, 
for  example,  where  a  lad  fractured  his  himierus  by  throwing  a  cricket- 
ball.  Similar  spontaneous  fractures  also  occur  in  certain  cases  of  tabes 
and  of  syringomyelia^  but  in  these  two  diseases  the  fractures  are  pain- 
less, so  that  the  patient  may  continue  to  use  the  fractured  limb  in  a 
fashion  impossible  to  a  normal  individual. 

The  most  typical  trophic  changes  in  joints — the  so-called  arthro- 
pathies—are  met  with  in  tabes  (constituting  Chacot's  joint),  in 
syringomyelia,  and  in  some  cases  of  leprosy. 

20 
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In  tabetic  cases  well-marked  syphilitic  arterial  changes  have  been  found 
in  the  affected  joints.     Hence  it  has  been  held  that  vascular  rather  than 

purely  ner\'ous  influences  may  be 
the  primary  cause  of  such  arthro- 
pathies.^ On  the  other  hand,  ex- 
perimental traumata  of  joints  in 
animals  without  syphilitic  infection, 
but  in  which  the  limb  had  previously 
been  rendered  anajsthetic  by  division 
of  the  posterior  roots,  have  produced 
typical  arthropathies.^ 

The  large  joints  are  more  liable 

to  be  affected,  the  knee  and  the 

tarso-metatarsal   joint    being   the 

joints   most    commonly    attacked 

in  tabes  (Fig.  170),  the  shoulder 

in  syringomyelia  (Figs.  171  to  173). 

But    in   tabes   even   the   smaller 

joints  may  be  affected,  as  in  the 

patient  shown  in    Fig.    175,    the 

terminal    joint    of    whose    thumb 

was   thus    diseased.    Female 

tabetics    seem    to    be    relatively 

more  liable  than  male  patients  to 

osteopathies     and     arthropathies. 

The  exciting   cause  of  a  tabetic 

arthropathy  is  often  some  trivial 

traumatism,   such   as   a  twist  or 

sprain   in   a  joint  in   which   the 

sense    of   pain   is   diminished    or 

lost,  hence  the  greater  frequency 

of    tabetic    arthropathies   in    the 

lower    limbs.     The    joint     sw^ells 

painlessly,  and  rapid   destriibtivfe 

changes    occur     in    its    articular 

surfaces,     which    become    eroded 

and  may  disappear,  together  with 

considerable  parts  of  the  adjacent 

bones.     Fractures  of  the  articular 

ends  are  common,  both  in  tabetic 

and  in  syringomyelic  joints.     The 

Fuj.   172.— The  same  vasc  of  syriiigo-  ligaments    become    lax    and    the 

inyelia.     Showinj;  the  aiva  of  tlierin-    •    •    ,       i  n  i  -i  xL    i. 

■  aua-sthcsia  and  analgesia.  joint  abnormally  mobile,  80  that 

^  Barre,  J.  dt  Psi/chologit  vnd  Neurologic,  1913,  ff.  o  aud  U. 
a  Eioeaaer,  Annal«  of  Surgery,  1917,  p.  201. 


Fig.  171.  —  Syringomyelia  with  arthro- 
j)athy  of  left  shoulder-joint.  Atrophy 
of  intrinsic  muscles  of  left  hand. 
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iu  the  knee  we  may  be  able  to  produce  lateral  passive  movements,  or 
even  to  bend  the  joint  into  all  sorts  of  curious  positions  (Fig.  17(3). 

The  joint  is  sometimes  dis. 
tended  with  a  glairy  gelatinous 
fluid,  which  may  be  blood- 
stained. In  the  lat^r  stages 
this  fluid  may  be  reabsorbed, 
throwing  into  relief  the  de- 
formity of  the  bones  (Fig. 
178).  But  the  changes  in 
such  arthropathies  are  not 
entirely  destructive.  Osteo- 
phytic  outgrowths  are  often 
formed  in  the  muscles  and 
peri  -  articular  tissues,  caus- 
ing irregular  thickening  of  the 
bones,  and  producing  little 
islands  of  new  bone  amongst 
These   can  be  readily  detected  on 


Fia.  173. — Syringomyelia  (same  "case  as  Fig. 
171).  Radiogram  of  shouldor-joint.  Show- 
ing fracture  of  upper  end  of  humerus, 
also  ostcophytic  outgrowth  from  axillary 
border  of  scapula. 


the  tissues  around   the  joint 

palpation  and  verified  by  skiagrams  (Figs. 

179  and  180). 

In  some  cases  of  paraplegia  due  to 
total  transverse  lesion  of  the  spinal  cord, 
or  Cauda  equina,  e.g.  in  war-injuries, 
curious  rapidly  -  growing  bony  deposits 
occur  in  certain  of  the  paralysed  muscles. 
Osteomata  of  this  sort  make  their  ajjjjear- 
auce  at  a  long  interval,  six  months  or 
more,  after  the  original  injury,  after  the 
flaccid  stage  of  paraplegia  has  become 
replaced  by  a  permanent  spastic  para- 
plegia. It  is  chiefly  the  larger  muscles 
around  the  hip  or  knee-joint  that  are 
affected.  New  bone  is  laid  down,  some- 
times at  the  periosteal  attachment  of  the 
affected  nmscle,  in  other  cases  in  discrete 
islands  within  the  muscle,  at  a  distance 
from  the  bony  skeleton.  These  osteo- 
mata,    whether    starting    periosteally    or 

intra-nuiscularlv,    form    ivorv.hard   lumps    Fig.     174.  —  Syringomyelia 

1  •  1       ,       ^^l    "^  ■  ■        "■  T  with   arthro7)athy   of    loft 

whicli  steadily  increase  in  size,  spreading       shoulder-joint,  l  the]  limi) 

through  the  substance  of  the  affected  muscle       '>tJuig  swollen  and  displacetl 
,  ^,  ,  .      -,  downwards  eii  masse  at  the 

or  muscles.     They  can   be   recogmsed   on       shoulder. 
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Tig.  175. — Tabetic  artliropathy  of  left  thumb. 


A 


J-'iG.  170. — Tabetic  arthropathy  of  knee-joints. 
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palpation  and  verified  by  X-ray  photographs.  Their  causation  is 
obscure.  They  are  not  accompanied 'by  any  inflammator}-  reaction 
nor  by  any  hsBmatoma.  It  has  been  suggested  ^  that  tliey  may  be 
due  to  slight  irritation  or  detachment  of  periosteum  durliig  the 
process  of  massaging  specially  vulnerable  muscles. 

In  leprosy,  arthropathies  are  commonest  in  the  fingers 
and  toes,  and  perforating  ulcers,  with  sinuses  leading  into  the 
disorganised  joint-s,  are  much  commoner  than  'u\  tabes  or  syringo- 


FiQ.  177. — Leprosy.  Showing  absence  of  terminal  i)halanges 
of  nearly  ail  the  digits.  Rudimentary  nails  persist  at  tlie  ends 
of  all.  The  remnant  of  the  terminal  thumb  phalanx  is  bent 
to  an  acute  angle.  Leprous  keratitis  is  present,  also  ectro})ion 
of  lower  lids.  The  eyebrows  are  absent.  The  bridge  of  the 
nose  is  depressed. 

myelia.  Bony  hypertrophic  changes  are  usually  absent  in  leprous 
arthropathies,  the  process  being  ])iirely  destructive.  Curiously 
enough,  a  large  proportion  of  male  lepers  have  hypertrophy  of 
the  nipples. 

Joint-aflfections  of  a  different  kind  are  met  with  in  some  cases  of 
chronic  hemiplegia.  The  joints  of  the  paralysed  limbs  become  swollen 
and  deformed  two  or  three  weeks  after  the  hemiplegic  attack.  But, 
unlike  the  tabetic  and  syringomyelic  arthropathies,  hemi])logic  joint- 
affections  are  acutely  painful.  Moreover,  the  changes  in  hemiplegic 
joints  are  not  destructive,  but  more  of  the  nature  of  a  subacute  osteo- 


fto4 


Mme,    D.'jerino    and 
207. 


M.    A,    Ceillier,    Repue    neurdo^ique,    \H^,    pp.    L'>0 
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arthritis,  with  pain  and  rigidity  on  passive  movements  and  with  a 
tendency  to  the  formation  of  fibrous  adhesions  within  the  joint  and  to 

thickening  of  the  joint  capsule. 
When  the  fingers  are  affected, 
they  lose  their  normal  outline 
and  become  clumsy-looking  and 
"sausagy"  in  appearance.  To- 
gether with  this  hemiplegic 
arthritis  it  is  not  uncommon 
to  have  a  degree  of  muscular 
wasting,  but  without  electrical 
reaction  of  degeneration. 

Finally,  we  must  bear  in 
mind  that  certain  hysterical 
])atients  complain  of  joint- 
l)ains,  usually  mono-articular, 
which  may  more  or  less  closely 
simulate  organic  joint-disease. 

Fia.nS.-Syringomyelia  with  arthropathy  of  The  patient  is  COmmonly  a 
rightshoulder-joint,  and  destruction  of  head  young  WOman  who,  aft-er  SOmC 
of  humerus.     Well-marked  scoliosis.  ',        ,  .    .  ■     xi      •    •    ■  rx 

local  mjury  to  the  jomt,  or  after 
some  emotion,  or  perhaps  from  being  acquainted  with  another  patient 
who  has  joint-disease,  suddenly  complains  of  intense  joint-pain,  together 


Fiu.    17!). — Tabetic  arthropathy  of  elbow-joint.     Kadiogram 
showing  bony  deposits  in  the  tissues  around  the  joint. 

with  cutaneous  hypersesthesia  in  that  region.  -The  joint  is  rigid  and 
resistant  to  passive  movement,  and  if  the  condition  has  persisted,  as  is 
sometimes  the  case,  for  weeks  or  months,  fibrous  adhesions  may  form. 
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But  there  is  no  true  swelling  of  the  joint  when  compared  with  the 
corresponding  limb  of  the  opposite  side,  although  a  false  appearance 
of  swelling  may  appear  to  be  present  owing  to  disuse-atrophy  of  the 
adjacent  muscles.     The  presence  of  other  hysterical  phenomena  often 


Fig.  180. — ^Radiogram  of  tabetic  arthropathy  of  knee,  from  patient 
shown  in  Fig.  170.  Showing  disappearance  of  articular  surfaces 
and  presence  of  bony  deposits  in  peri-articular  tissues. 

aids  in  the  diagnosis,  but  an  accurate  opinion  is  sometimes  a  matter  of 
considerable  difhculty  and  is  arrived  at  by  a  process  of  exclusion. 
Accomplished  surgeons  have  been  known  to  operate  on  such  joints,  and 
only  on  opening  the  joint  have  discovered  the  absence  of  organic 
disease.  Fortunately,  the  usual  result  of  such  an  operation,  if  aseptic, 
is  that  the  patient  recovers  from  her  pains. 


CHAPTER  XIX 
REFLEXES 

For  clinical  purposes  we  have  to  consider  three  varieties  of  reflexes: — 

(1)  Superficial  or  skin  reflexes,  e.g.  the  plantar  reflex. 

(2)  Beep,  tendon,  or  osseous  reflexes,  cjj.  the  knee-jerk. 

(3)  Organic  or  visceral  reflexes,  e.g.  vomiting,  micturition,  par- 

turition. 

Of  these  three  groups,  the  first  two  have  to  do  with  striated  volim- 
tary  muscles.  They  have  their  reflex  centres  within  the  cerebro-spinal 
axis,  and  many  of  them  can  be  inhibited  by  voluntary  effort.  The 
third  group,  that  of  the  visceral  reflexes,  is  concerned  not  with  voluntary 
muscles  alone,  but  also  with  involuntary  non-striated  muscles  which 
are  controlled  by  the  vegetative  nervous  system  and  arc  incapable  of 
direct  voluntary  restraint — e.g.  the  nmscular  walls  of  the  stomach, 
bladder,  rectum,  or  uterus.  Such  visceral  reflexes  can  be  performed, 
more  or  less  perfectly,  independently  of  the  central  nervous  system. 
Normally,  visceral  functions  go  on,  for  the  most  part,  imconsciously. 
But  even  they  may  occasionally  evoke  consciousness,  as  when  visceral 
pain  occurs,  or  when  striated  voluntary  muscles  are  required  to  supple- 
mant  an  act  originally  initiated  by  non-striated  muscles,  or  when  the 
reflex  act  causes  stimulation  of  a  cerebro-spinal  sensory  nerve.  Thus, 
to  take  an  example,  the  act  of  defsecation  is  practically  unconscious 
and  uncontrollable,  so  far  as  the  movement  of  the  large  intestine  is 
concerned.  But  when  the  lower  end  of  the  anal  canal  has  its  mucosa 
stimulated,  the  perineal  muscles  come  into  action ;  the  act  then  rises 
to  consciousness  and  comes  more  or  less  under  control. 

Skin  Reflexes. — These  are  movements  obtained  by  slight  stimu- 
lation of  certain  areas  of  skin  or  mucous  membrane.  The  result  is 
a  movement,  quick  or  slow,  of  the  skin- tissues  near  the  point  of  stimula- 
tioji,  but  not  exactly  under  it.  In  certain  animals  such  as  the  horse, 
skin  reflexes  can  be  obtained  by  touching  almost  any  part  of  the  trunk. 
But  in  man  the  cutaneous  tissues  are  less  mobile,  and  it  is  usually  only 
from  certain  special  areas  that  skin  reflexes  can  be  elicited.  If  the 
stimulus  be  too  strong,  it  may  cause  a  reflex  so  violent  as  to  involve 
almost  all  the  voluntary  muscles  of  the  body.  Or  if  the  stimulus,  even 
though  slight,  be  a  painful  one,  as  for  example  a  pin-prick,  the  result 
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is  a  rapid  "  defensive"  movement — e.g.  sudden  flexion  of  a  limb  or 
abrupt  closure  of  the  eye  (see  "  Defensive  Keflexes,"  p.  215).  The 
defensive  reflexes  are  usually  exaggerated  in  pyramidal  disease. 

The  following  table  gives  a  list  of  the  chief  skin  reflexes  which  are 
of  clinical  importance,  and  the  mode  'of  testing  each.  All  of  them 
are  more  easily  elicited  in  young  people  than  in  old;  in  fact,  if  we 
wish  to  demonstrate  the  skin  reflexes  with  certainty,  we  select  a 
child  for  our  subject. 


Method  of  Eliotting. 


BS3ni.T. 


Corneal 
Pharyngeal 
Palatal .     . 
Scapular    . 
Epigastric 


Touching  cornea. 

Touching  posterior  wall  of  pharynx. 

Touching  soft  palate. 

Stroking  skin  in  inter-scapular  region. 

Stroking  downwards  from  nipple. 


Upper  Abdominal  Stroking   below   and   parallel   with 
{    costal  margin. 


Lower  Abdominal 
Cremasteric 


Gluteal 
Plantar 


Bulbo-Cavernosus 
Superficial  Anal   . 


Stroking  above  and  parallel  with 
inguinal  fold. 

Stroking  inner  and  upper  part  of 
thigh.  Or  pressure  over  Hunter's 
canal,  or  over  adductor  tubercle. 

Stroking  skin  of  buttock. 

Stroking  sole  of  foot. 


Pinching  dorsum  of  glans  penis. 
Pricking  skin  of  perineum. 


Orbicularis  oculi  contracts. 

Pharynx  contracts. 

Palate  is  elevated. 

Scapular  muscles  contract. 

Upper  fibres  of  transversalis  con- 
tract and  epigastrium  dimples 
on  side  of  stimulus. 

Transversalis  and  rectus  abdO' 
minis  contract  on  side  of  stimu- 
lus. 

Transversalis  (lowest  fibres)  and 
obliquus  internus  contract. 

Testicle  is  drawn  up. 


Gluteal  muscles  contract. 
Tensor  fascias  femoris  contracts, 

hallux    and    other    toes    flex, 

ankle  is  dorsi-flexed. 
Bulbous  urethra  contracts. 
External  anal  sphincter  contracts. 


Seghental 
Level. 


C5  to  Thl. 
Th6  to  Th8. 


Th8  to  ThlO. 

ThlltoThl2. 
LI  and  L2. 


L4  and  L5. 
L5  to  82. 


S3  and  84. 

84,  S5  and 

Coccygeal. 


The  normal  corneal  reflex  is  a  bilateral  affair,  for,  if  we  touch  one 
cornea,  blinking  occurs  in  both  eyes.  Bilateral  loss  of  corneal  reflexes, 
on  stimulating  either  cornea,  occurs  in  coma  from  any  cause,  including 
the  coma  produced  by  general  anaesthetics.  In  certain  cases  of 
hemiplegia  the  corneal  reflex  cannot  be  elicited  from  the  paralysed 
side,  especially  in  hemiplegias  which  are  associated  with  hemianses- 
thesia.  More  commonly  loss  of  the  corneal  reflex  is  (Jue  to  a  lesion  of 
the  reflex  arc,  either  in  its  afferent  (trigeminal  nerve)  or  its  efferent 
limb  (facial  nerve).  In  such  a  case,  in  order  to  decide  whether  loss  of 
the  reflex  is  due  to  affection  of  the  trigeminal  or  of  the  facial  nerve, 
we  note  the  behaviour  of  the  opposite  eye  when  stimulating  the 
cornea  of  the  affected  side.  If  no  blinking  occurs  in  the  opposite  eye, 
we  have  to  do  with  trigeminal  disease,  whereas,  if  sensation  is  intact 
and  the  facial  nerve  alone  is  paralysed,  the  contra-lateral  reflex  still 
occurs.  Unilateral  loss  or  diminution  of  the  corneal  reflex  is  often  the 
earliest  clinical  sign  of  trigeminal  paresis,  long  before  any  sensory 
loss  can  be  detected.  This  fact  is  sometimes  of  considerable  value  in  the 
diagnosis  of  tumours  of  the  posterior  cranial  fossa  (see  later,  Extra- 
cerebellar  Tumours). 
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Absence  of  the  abdominal  reflex  is  not  uncommon  in  acute  ab- 
dominal conditions,  notablv  in  apjiendicitis  and  enteric  fever.^  In 
young  adults  whose  abdominal  walls  are  apparently  normal  and  in 
whom  there  is  no  oedema  or  excessive  obesity,  absence  of  this  reflex 
on  one  or  both  sides  is  strongly  suggestive  of  disseminated  sclerosis. 
In  acute  meningitis  the  abdominal  reflexes  tend  to  disappear  early  and 
bilaterally.  In  brain  abscess,  however,  with  commencing  hemiplegic 
symptoms,  the  abdominal  reflex  disappears  on  the  hemiplegic  side 
only,  just  as  in  an  ordinary  case  of  recent  hemiplegia  from  a  vascular 
lesioji.  Exaggeration  of  the  abdominal  reflexes  is  fairly  common 
during  the  gastric  or  intestinal  crises  of  tabes,  being  associated  with 
cutaneous  hypersesthesia  of  the  abdomen.  It  is  sometimes  exaggerated 
in  paralysis  agitans. 

In  the  majority  of  normal  individuals  we  can  elicit  Mayer's  thumb- 
reflex-  as  follows: — The  patient's  supinated  hand  is  laid  on  tht'  palm 


Fia.   181. — ^Normal  plantar  reflex. 

of  the  observer,  who  grasps  the  wrist  firmly  and  with  the  thumb  of  the 
other  hand  powerfully  flexes  the  metacarpo-phalangeal  joint  of  the 
I)atient's  four  ulnar  digits,  one  after  the  other,  from  minimus  to  index. 
The  thumb  promptly  becomes  slightly  flexed  and  opposed  at  the  carpo- 
metacarpal joint;  at  the  same  time  its  proximal  phalanx  becomes 
flexed  and  its  distal  phalanx  extended.  Less  commonly  both  phalanges 
of  the  thumb  become  extended.  This  thumb-reflex  is  diminished  or 
lost  in  organic  affections  of  the  pyramidal  tract,  being  analogous  in 
this  respect  to  the  abdominal  reflex.  Cases  of  median  or  ulnar 
paralysis  are,  of  course,  incapable  of  showing  this  reflex.  In  acute 
meningitis  the  thumb-reflex  is  often  exaggerated.  It  is  temporarily 
abolished  for  a  few  minutes  durbig  post-epileptic  coma. 

Of  all  the  superficial  reflexes,  the  plantar  reflex  is  the  one  which 
has  the  greatest  practical  importance.  In  order  to  test  it,  the  patient 
should  be  lying  down,  his  feet  being  comfortably  warm.  The  limb 
to  be  tested  is  now  partially  flexed  at  the  hip  and  knee,  and  also  rotated 

1  Rolleston,  Brain.  190G,  p.  09. 

a  C.  Mayer,  Neurolog.  CentralUatt,  1910,  No.  1. 
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so  as  to  rest  on  its  outer  side.  Then  with  some  hard  object  such  as 
the  end  of  a  penholder  (applying  light  pressure,  not  mere  contact),  we 
gently  stroke  the  sole  of  the  foot  from  behind  forwards,  towards  its 
inner  side.  Meanwhile  we  watch  carefully  for  the  first  movement  of  the 
great  toe.  Normally  this  is  a  movement  of  plantar  flexion  (see  Fig.  181 ). 
Bimultaneously  with  the  toe  movement  we  have  a  brisk  contraction 
of  the  tensor  fasciae  femoris  (Brissaud's  reflex),  which  may  occur  even 
in  cases  in  which  the  toes  show  no  movement.  This  shows  that  the 
plantar  reflex  is  not  a  phenomenon  confined  to  the  foot,  but  that  it  im- 
plicates the  whole  lower  limb.  If  we  employ  a  stimulus  which  is  too 
strong,  we  may  have,  in  addition,  dorsiflexion  of  the  ankle,  and  this 
may  obscure  the  toe  movement.  Hence  the  importance  of  a  gentle 
stimulus,  graduated  so  as  just  to  elicit  the  toe  phenomenon  and  no 
more. 

This  normal  plantar  reflex,  flexor  in  type,  occurs  only  when  the 


Fig.  182. — ^Babinski's  extensor  plantar  reflex. 

reflex  arc  is  intact,  and  when,  in  addition,  the  lower  reflex  arc  is  in 
connection  with  the  cerebral  motor  cortex  by  an  uninjured  pyramidal 
tract.     In  this  sense  it  is  a  "  cortical  "  reflex. 

If  the  pyramidal  tract,  conveying  motor  impulses  downwards  from 
the  cortical  "  leg-centre,"  be  interrupted  in  any  part  of  its  course  by 
injury  or  disease,  or  if  it  be  non-developed,  as  in  infants  who  have  not 
learned  to  walk,  the  type  of  plantar  reflex  is  diflferent  and  is  known 
as  Babinski's  phenomenon,  or  the  extensor  plantar  reflex.  This  is  a 
more  primitive  type  of  reflex,  of  strio-spinal  origin,  which  is  normally 
inhibited  by  cortical  control.  In  the  Babinski  phenomenon,  stimu- 
lation of  the  sole,  especially  towards  its  outer  side,  produces  extension 
of  the  hallux  instead  of  flexion  (see  Figs.  181  and  182).  Dorsiflexion 
of  the  hallux  may  be  the  only  visible  effect,  but  it  is  never  the  only 
muscular  contraction.  It  is  always  accompanied  by  contraction  of  the 
hamstring  jnuscles,  detected  by  palpation.^     Moreover,  this  extensor 

1  Walshe,  Brain,  1914,  vol.  xxxvii.,  p.  279. 
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movement  of  the  great  toe  is  slower  than  is  the  normal,  brisk  flexion 
response.  Sometimes,  in  addition  to  extension  of  the  hallux,  we  observe 
a  fan-like  spreading  out  of  the  other  toes — "  phenomene  d'eventail." 

An  extensor  plantar  reflex  is  practically  always  pathological, 
except  in  infants  too  young  to  walk  (gradually  disappearing  after  the 
age  of  six  months),  and  if  constantly  present  it  indicates  an  organic 
lesion,  and  one  which  implicates  the  pyramidal  tract.^  It  is  therefore 
of  the  utmost  value  in  the  diagnosis  between  hysteria  and  organic 
disease.  A  bilateral  extensor  plantar  reflex  may  also  occur  as  a 
temporary  phenomenon,  e.g.  during  post-epileptic  or  urcemic  coma  and 
other  transient  affections  of  the  pyramidal  tract,  often  toxic  in  origin, 
such  as  acute  morphine  poisoning. 

If  the  patient's  foot  is  cold,  the  plantar  response  may  be  indefinite. 
In  such  cases,  if  we  warm  the  foot  by  plunging  it  into  hot  water,  the 
response  sometimes  reveals  itself  as  definitely  flexor  or  extensor. 

The  extensor  plantar  reflex  can  sometimes  be  elicited  by  other  devices, 
e.g.  by  tapping  with  a  percussion-hammer  over  the  dorsal  aspect  of  the 
metatarso-phalangeal  joint  of  the  big  toe,  just  internal  to  the  tendon  of  the 
extensor  longus  hallucis,'*  or  by  sudden,  sharp  upward  pressure  on  the  sole 
of  the  foot,  just  behind  the  ball  of  the  great  toe,^  or  by  pressure  on  the  deej) 
flexor  muscles,  as  in  Gordon's*  paradoxical  flexor  reflex,  which  consists  in  an 
extension  movement  of  the  great  toe  or  of  all  the  toes  when  we  press  deeply, 
through  the  calf  muscles,  between  the  heads  of  the  gastrocnemius,  on  to 
the  deep  flexor  muscles  beneath.  To  elicit  this  reflex,  the  physician  should 
place  himself  on  the  outer  side  of  the  patient's  leg,  the  muscles  of  which 
must  be  completely  relaxed.  This  is  attained  either  by  directing  the  patient 
to  lie  on  his  back  or  making  him  sit  with  his  feet  on  a  stool. 

Oppenheim's  reflex,  a  contraction  of  the  extensor  longus  liallucis  to- 
gether with  the  tibialis  anticus,  is  elicited  in  a  slightly  different  way,  viz. 
by  firm  stroking  from  above  downwards  with  some  hard  object  (such  as 
the  handle  of  a  percussion-hammer)  just  behind  the  postero-internal  border 
of  the  tibia,  about  the  junction  of  its  middle  and  lower  thirds  Its  signifi- 
cance is  the  same  as  that  of  Babinski's  phenomenon. 

The  adductor  foot-reflex^  can  sometimes  be  elicited  in  superficial 
organic  lesions  of  the  motor  cortex,  in  which  the  plantar  reflex  may  be 
indefinite  in  type.  It  consists  in  a  contraction  of  the  tibialis  posticus 
muscle,  raising  the  inner  border  of  the  foot  and  slightly  extending  the 
ankle.  To  test  this  reflex,  the  patient  may  either  be  sitting  on  a  low 
chair  w^ith  his  lower  limbs  semi-extended  and  only  the  heels  resting  on 

1  There  is  one  exception  to  this  rule.  This  is  in  the  case  of  a  lower  motor  neurone 
lesion  affecting  the  flexor  muscles  of  the  toes  and  sparing  the  extensors.  In  such  a 
case  the  only  possible  movement  of  the  toes  would  be  extension.  But  the  other  signs 
of  lower  neurone  lesion,  especially  the  electrical  reactions,  will  prevent  error. 

2  Throckmarton,  Journal  of  American  Med.  Ass.,  May  6,  1911. 
'  Tromner,  Deutsche  vied.  Wochenschrift,  1911,  No.  3?" 

*  American  Medicine,  1904,  p.  971. 

^  Hirschberg,  Revue  nenrologiqm,  August  15,  190.3,  Marjc  and  Meige,  ibid,,  1916, 
p.  420. 
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tKe  gtoimci,  or,  better,  lying  on  his  face  with  the  knees  bent  nearly  to  a 
right  angle.  With  a  blunt-pointed  object  we  then  stroke  gently  along 
the  inner  border  (not  the  sole)  of  the  foot,  from  the  base  of  the  hallux 
towards  the  heel. 

The  cremasteric  reflex  is  very  easy  to  elicit  in  young  children  by 
stroking  the  inner  side  of  the  thigh  from  above  downwards.  But  in 
old  men  it  is  sluggish  or  apparently  absent.  Even  in  them,  however,  it 
can  usually  be  elicited  by  sudden  firm  pressure  backwards  against  the 
sartorius  muscle  in  the  region  of  Hunter's  canal,  or  against  the  adductor 
tubercle  of  the  femur;  this  often  succeeds  when  stroking  the  skin  in  the 
usual  fashion  is  of  no  avail.  Unilateral  absence  of  the  cremasteric  reflex 
occurs  occasionally,  but  not  constantly,  in  organic  hemiplegia.  The 
cremasteric  reflex  is  sometimes  exaggerated  on  the  affected  side  in  cases 
of  sciatic  neuralgia. 

The  bulbo-cavernosus  reflex  is  of  great  diagnostic  value  in  deter- 
mining whether  the  lowest  segments  of  the  spinal  cord  are  intact  in  a 
lesion  about  the  level  of  the  third  sacral  segment — where  the  ordinary 
reflexes  of  the  lower  limbs  give  us  no  help.  To  obtain  the  bulbo- 
cavernosus  reflex,  we  place  one  finger  behind  the  patient's  scrotum, 
pressing  upwards  against  the  bulbous  part  of  the  urethra.  With  the 
other  hand  we  pinch,  or  prick  with  a  pin,  the  dorsum  of  the  glans  penis ; 
the  bulbous  urethra  is  at  once  felt  to  give  a  brisk  twitch.  Loss  of  this 
reflex  indicates  a  lesion  somewhere  in  its  reflex  arc,  either  in  the  anterior 
cornua  of  the  third  and  fourth  sacral  segments,  or  in  the  corresponding 
motor  or  sensory  roots  of  the  Cauda  equina.  Loss  of  the  bulbo-caver- 
nosus reflex  is  a  fairly  common  sign  in  tabes,  being  due  in  that  case  to 
a  lesion  of  the  afl'ereiit  fibres  of  the  reflex  arc. 

The  superficial  anal  reflex  can  be  easily  obtained  by  placing  the 
patient  in  the  genu-pectoral  posture  and  })ricking  the  skin  of  the 
perineum  with  a  long  "  bonnet  -  pin,'  and  watching  whether  the 
external  sphincter  contracts.  This  reflex  is  sometimes  lost  in 
anaesthesia  of  the  perineum,  e.g.  in  lesions  of  the  fifth  sacral  or  of 
the  coccygeal  segment,  or  of  their  corresponding  motor  or  sensory 
roots. 

Organic  hemiplegia  usually  produces,  at  first  at  least,  loss  of  the 
unilateral  superficial  reflexes  all  down  the  paralysed  side,  with  one 
exception — ^viz.  the  plantar  reflex,  which  persists,  but  from  the  outset 
is  changed  into  the  extensor  type.  In  hysterical  hemiplegia,  on  the 
other  hand,  even  though  cutaneous  hemi-ansesthesia  be  present,  the 
unilateral  skin  reflexes  on  the  paralysed  side  are  usually  preserved, 
with  the  exception  of  the  plantar  reflex,  which  is  often  lost.  An 
extensor  plantar  reflex  never  occurs  in  pure  hysteria.  In  hysteria 
there  may  be  absence  not  only  of  any  toe  movement  on  stimulation  of 
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the  sole,  but  there  may  also  be  loss  of  the  reflex  contraction  of  the 
tcttsor  fasciae  feraoris.  This  "  combined  "  absence  of  reflex  movement 
both  of  the  toes  and  of  the  fascia  lata  of  the  thigh  is  always  strongly 
suggestive  of  hysteria.     It  is  probably  due  to  a  latent  muscular  spasm. 

Deep  (Tendon  or  Osseous)  Reflexes. — Some  of  these  are  elicited  by 
percussing  the  tendon  of  iusoition  of  a  particular  muscle;  otliers  by 
tapping  the  periosteum  of  a  particular  part  of  a  bone. 


Fiu.  183. — ^Method  of  eliciting  jaw-jerk. 

The  following  table  gives  a  list  of  the  chief  deep  reflexes  which  we 
commonly  study  when  investigating  cases  of  nervous  disease : — 


Method  of  Euoitino. 


RtSVLT 


Seumkstai, 
Levkl. 


Juw     .... 

Tapping  lower  jaw,  supported  in  liall- 
opcn  position. 

1  Jaw  closes. 

Pons. 

Itii-cpfl 

Tapping  biceps  tendon. 

Biceps  contract*. 

C5  and  C6. 

Jtadial       .      .      . 

Tapping  styloid  process  of  radius. 

Supinator  lougus  contracts. 
Deltoid,    teres    minor,   infra- 

1 C6  and  C6. 

Scapulo-iiuineral . 

Tapping  vertebral  border  of  scapula, 

j  C6  and  06. 

near  base  of  spine. 

spinatus,  etc.,  contract. 

1 

J'roiiatororUliiar 

Tapping    antero-internal    surface    of 
lower   end   of   radius,   or   iKwtero- 
inferior  surface  of  head  of  ulna. 

Pronators  contract. 

C6. 

WriBt  .... 

,  Tapping  upper  part  of  radius. 

Wrist  and  fingers  extend. 

cetocs. 

Triceps     . 

Tapping  triceps  tendon. 

Triceps  contracts. 

C7  to  Till. 

Carpo-iuetacarpal  Tappinj? .dorsum  of  wrist. 

Fingers  flex. 

CSand  Till. 

Knee  .... 

Tapping  patellar  tendon. 

Vastus  intenius.  ct^-..  contract. 

L3  and  L4. 

Hamstring     .      . 

Tapping  lianistring  tendon. 

Biceps,  sejni-nicnihranosus,  or ' 
semi-ttMulinosus  contracts.    : 

L5  and  SI. 

Ankle       .     .     . 

Tapping  tendo  Aehillis. 

Calf  muscles  contract.               ■ 

SI  and  S2. 

The  knee-jerk  may  be  taken  as  a  type  of  these  tendon  reflexes. 

It  has  been  a  matter  of  dispute  whether  it  is  really  a  true  reflex  or  not. 
Strictly  speaking,  the  jerk  occurs  too  soon  after  the  tap  for  a  nervous 
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impulse  to  have  time  to  travel  up  to  the  reflex  centre  in  the  cord  and  down 
again  to  the  muscles.  But  so  long  as  the  reflex  arc  is  intact,  there  is  a 
constant  "  reflex  tonus  "  in  the  vastus  internus  muscle  which,  when  the 
tendon  is  struck,  permits  the  jerk  to  occur.  If  this  reflex  tonus  be  lost 
from  interruption  of  the  reflex  arc  at  any  point,  the  jerk  can  no  longer  be 
obtamed.  Therefore,  for  practical  purposes,  the  knee-jerk,  though  not  a 
true  reflex  action  itself,  is  an  index  of  the  integrity  of  the  reflex  arc. 

To  obtain  the  knee-jerk,  we  feel  for  the  patellar  tendon  and  strike 
it  either  with  the  edge  of  the  hand  or  with  some  other  fairly  heavy 


Fig.  184. — Knee-jerk.    Reinforcement  by  Jeudrassik's  method. 

object,  such  as  a  rubber  percussion-hammer  or  a  heavy  paper-knife. 
The  result  is  a  brisk  contraction  of  the  quadriceps.  Meanwhile  we 
should  grasp  the  vastus  internus  with  our  other  hand,  so  that  we^may 
feel  the  jerk  in  cases  where  it  is  too  feeble  to  move  the  knee-joint. 
The  knee  should  be  somewhat  bent,  to  put  the  quadriceps  slightly  on  the 
stretch,  and  the  muscles  nmst  be  absolutely  relaxed.  This  latter  point 
is  of  importance ;  for  often  it  hai)pens  that  a  patient  has  his  muscles  in 
a  state  of  excessive  spasm,  so  that  we  may  fail  to  elicit  the  knee-jerk, 
and  yet,  if  we  succeed  in  relaxing  his  muscles  by  preliminary  passi\e 
movements,  the  knee-jerk  is  not  only  present,  but  found  to  be  increased. 


320 


NfiRVOtrs  DISEASES 


The  kilee-jerk  in  such  a  case  is  not  absent,  but  only  "  concealed  "  by 
the  spasticity  of  the  muscles.  In  a  normal  knee-jerk,  the  muscular 
tightening  is  not  limited  to  the  quadriceps,  but  is  accompanied  by  a 
c  ontraction  of  the  antagonists,  i.e.  the  hamstrings. 

In  testing  the  knee-jerk  the  patient  may  be  sitting  on  a  table  with 
his  legs  dangling  in  the  air,  or,  better,  on  a  chair  with  the  soles  of  the 
feet  flat  on  the  ground  and  the  knees  gently  semiflexed,  or  one  knee 
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Fio.  185. — ^Knee-jerk.    Reinforcement  by  Laufenauer's  method. 

may  be  crossed  over  the  other.  A  feeble  jerk  may  be ' '  reinforced  ' '  by 
Jendrassik's  method  (Fig.  184),  in  which  the  patient  hooks  both  hands 
together,  pulling  them  one  against  the  other,  and  looks  up  towards  the 
ceiling,  thereby  diverting  his  attention  and  relaxing  the  leg  muscles. 
A  better  method  of  reinforcement  is  Laufenauer's,  in  which  we  grasp 
the  patient's  quadriceps  whilst  the  patient  sits  with  his  soles  flat  on 
the  ground.  The  patient  then  grasps  our  upper  arm  with  one  hand, 
and  suddenly  squeezes  when  told  to  do  so;  meanwhile,  down  comes 
the  percassion-hammer  (Fig.  185).  The  advantage  of  this  method 
is  that  we  can  feel  for  ourselves  whether  the  patient  is  really  directing 
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his  attentioa  to  the  act  of  reinforcement.    Moreover,  this  method  can  be 

employed  to  reinforce  feeble  reflexes  of  the  upper  limbs,  whereas 

Jendrassik's  method  is  only  available  fcJr  reflexes  of  the  lower  limbs. 

Many  other  methods  of  reinforcement  have  also  been  suggested,  e.g.  by 

making  the  patient  gaze  at  the  ceiling  and  draw  a  long  breath  (Kronig^), 

or  by  making  him  road  aloud  as  fast  as  possible 

from  a  newspajjer  or  book  (Rosenbach^). 

Reinforcement  will  make  a  feeble  jerk  more 

evident;  but  it  has  no  effect  if  the  jerk  be  absent. 
The  cerebellar  knee-jerk.    In  recent  and  acute 

cerebellar  lesions  the  knee-jerk  in  the  ipso-lateral 

limb  is  sometimes  altered,   so   as  to   acquire  a 

"pendular"  character.    Thus,  whereas,  in  the 

normal  limb,  the  leg  falls  back  deliberately  to  its 

original  position  and  quickly  comes  to  rest,  on  the 

affected  side  in  cerebellar  cases  it  continues  to 

swing  to  and  fro  for  a  time  like  a  pendulum.    This 
is  probably  due  to  muscular  hypotonia  (see  p.  24). 

In  cases  of  this  sort  there  is,  more-    f^ 
over,  an  absence    of   the   normal 
contraction  of  the  hamstring  mus- 
cles,    which     normally    contract  '^  rr.M     4 
synergically   with   the  quadriceps     ^^i*^ 
at  the  time  of  the  jerk.^ 

The  ankle-jerk  has  a  diag- 
nostic significance  equal  to  that  of 
the  knee-jerk.  To  test  it,  we  make 
the  patient  kneel  on  a  padded  chair 
with  his  feet  projecting  over   the  Fig.  186. — Method  of  eliciting 

edge.  (If  he  kneels  on  a  hard  wooden  an  -  e-jer  . 

surface,  painful  pressure  upon  the  tibiae  may  produce  tonic  dorsiflexion 
of  the  ankles,  thereby  interfering  with  the  reflex.)  We  then  tap  the 
tendo  Achillis  (Fig.  186);  a  brisk  extension  movement  of  the  ankle  is 
the  result.  Some  patients  have  a  difficulty  in  relaxing  the  calf  muscles 
when  kneeling  on  a  chair.  In  such  cases  we  make  the  patient  stand  with 
one  leg  on  the  ground,  resting  his  weight  on  the  erect  limb,  whilst  the 
other  leg  kneels  on  the  chair,  bent  loosely  to  a  right  angle  at  the  knee. 
In  tabes  the  ankle- jerk  is  often  lost  before  the  knee-jerk.  In 
sciatica  loss  of  the  ankle- jerk  indicates  a  neuritis  as  distinguished  from 
a  mere  neuralgia. 

In  the  upper  extremity  we  have  various  deep  reflexes  at  our  disposal. 

1  Berlin,  klin.  Wochemchrijt,  1906,  No.  44. 

2  Milnchener  med.  Wochenschrift,  1907,  No.  2. 

3  Gordon  Holmes,  Brain,  1917,  vol.  xl.,  p.  507. 
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Of  these,  the  radial  or  supinator-jerk  is  ordinarily  the  most  accessible. 
Ill  testing  it,  we  support  the  patient's  forearm  in  a  semi-supinated 
posture,  with  the  elbow  loosely  bent  to  a  right  angle.  We  tap  with  our 
hammer  close  above  the  styloid  process  of  the  radius  (Fig.  187).  The 
supinator  longus  at  once  contracts,  and  with  it  the  other  flexors  of  the 
elbow. 

Sometimes  the  flexors  of  the  fingers  contract  also.  In  health  we  do  not 
induce  reflex  contraction  of  the  finger  flexors  by  themselves.  When  this 
occurs — so-called  "  inversion  "  of  the  radial  reflex — it  indicates  a  spinal 
cord  lesion  at  or  above  the  level  of  the  fifth  cervical  segment. 


i'lu.  187. — yupiua  tor- jerk. 

To  elicit  the  triceps- jerk,  the  best  way  is  not,  as  stated  in  some  text- 
books, to  allow  the  elbow  to  hang  over  the  back  of  a  chair,  but  rather  to 
support  the  upper  arm  horizontally,  with  the  elbow  loosely  flexed  at  a 
right  angle.  Then,  feeling  for  the  triceps  tendon,  we  tap  it  with  our 
hammer,  and  the  muscle  at  once  contracts. 

The  pronator-jerk  is  elicited  by  holding  the  forearm  midway 
between  pronation  and  supination,  and  then  tapping  either  on  the 
antero-internal  part  of  the  radius  or  on  the  postero-inferior  surface 
of  the  ulna.  Percussion  of  this  area  of  the  ulna,  in  certain  subjects, 
also  induces,  in  addition  to  the  pronator-jerk,  a  flexion  movement  of 
the  wrist  and  fingers. 

Loss  of  Deep  Reflexes. — Sometimes  these  reflexes  cannot  be  elicited, 
even  on  reinforcement.    This  is  almost  always  pathological  (although 
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in  very  rare  cases  a  healthy  individual  is  found  to  be  devoid  of  deep 
reflexes),  and  generally  indicates  a  lesion  of  the  reflex  arc.  If  this 
lesion  be  in  the  afterent  limb  of  the  arc,  there  may  also  be  anaesthesia  of 
the  corresponding  nerve-  or  root-area.  If  it  be  in  the  anterior  cornu, 
or  in  the  ett'erent  motor  path,  there  will  be  muscular  paralysis,  with 
atrophy  of  the  particular  muscle. 

The  following  is  a  list  of  some  of  the  chief  conditions  in  which  there 
is  loss  of  the  deep  reflexes : — ■ 

Disease.  Site  of  Lesion. 

Neuritis  (Alcoiiol,  Diabetes,  Diphtheria, Lead,  Arseuic,  \ 

Tubercle,  Cachexia,  etc.) I  i>„_:„i.„,„i ,  ^  . 

Peripheral  Nerve  Palsies ,- Peripheral  nerves,  sensory  or  motor. 

Temporarily  from  compression  by  tourniquet     .         .  J 

Tabes  Dorsalis         .         .         .         .         .         .         .  ^ 

General   Paralysis   of   Insane   (tabetic   type  —  Tabo-  I 

FreiSh's  Ataxia  !         !         !         !         ."         !    [ Posterior  columns  of  cord. 

Subacute   Combined   Degeneration  of  Posterior  and    I 
Lateral  Columus— late  stage  of  ....   J 
Any  focal  lesion  in  Grey  Matter  of  Cord    .         .         .       Jleflex  centre  in  cord. 
Infantile  Paralysis  (Acute  Anterior  Poliomyelitis)        .   "^ 
Progressive    Jluscular    Atroi)hy     (Chronic    Anterior    I  j 

AmyS'hk^LSeralScle'rosis-         !         !         !         !    Uuterlorcornuaof cord. 
Syringomyelia         .         .         .         .         .         .         .1 

Thrombosis  of  Anterior  Spinal  Artery        .         .         ,   } 

Landry's  Paralysis /Anterior  comua  and   peripheral  motor 

Myopathies  (Pseudohypertrophic  and  Atrophic  types)    ^ 

Amyotonia  congenita J- Muscle  itself. 

Family  Periodic  Paralysis  (during  attacks)         .         .    ) 

Increased  Intra-Cranial  Pressure  (especially  Hydrocephalus  and  Tumours  of  Posterior  Fossa). 

After  acute  meningiti«. 

Pneumpnia. 

Temporarily  after  attack  of  Major  Epilepsy  (post-epileptic  coma). 

Toxic  coma  (ura-mia,  morphine,  etc.). 

During  Spinal  Anaesthesia. 

Complete  tnansverse  lesion  of  Spinal  Cord,  during  first  Uaee  weeks  or  so. 

From  the  above  list  we  see  that,  in  addition  to  focal  organic  lesions 
within  the  reflex  arc  itself,  there  are  other  conditions  in  which  the  deep 
reflexes  are  abolished.  Thus  these  reflexes  are  lost  in  the  final  stages 
of  increased  intra-cranial  pressure,  especially  in  hydrocephalus  and  in 
tumours  of  the  posterior  fossa. 

This  is  attributed  by  Raymond  and  others  to  a  curious  degeneration 
of  the  posterior  spinal  roots,  which  sometimes  occurs  in  such  conditions, 
whereas  van  Gehuohten  ^  ascribes  it  to  loss  of  function  of  the  rubro-spinal 
tracts,  from  pressure  on  the  mesencephalon. 

In  patients  who  have  recovered  from  acute  meningitis  {e.g.  after 
war- injuries  of  the  cranial  meninges)  the  deep  reflexes  may  remain 
permanently  abolished  when  all  the  other  clinical  phenomena  have 
cleared  up."  Possibly  this  is  due  to  affection  of  the  posterior  roots, 
whether  from  stretching  or  from  toxic  infection. 

The  knee-jerks  are  often  lost  during  pneumonia.  In  the  attacks 
of  the  rare  disease  known  as  family  periodic  paralysis  (see  p.  249), 

1  Le  Nevraxe,  1007,  vol.  ix.,  p.  39. 

3  Souques,  Sociiti  de  Neuroiogie,  January  11,  1917* 
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the  deep  reflexes  ui  the  affected  limbs  are  temporarily  abolished,  owing 
to  temporary  paralysis  of  the  muscle-fibres.  The  deep  jerks  are 
abolished  for  a  few  minutes  just  after  an  epileptic  fit,  during  the  stage 
of  coma  and  flaccidity.  They  may  also  disappear  during  coma  from 
other  causes,  as  in  urseiuic  coma,  or  in  morphine-poisoning.  Spinal 
anajsthesia  temporarily  abolishes  all  the  deep  and  superficial  reflexes 
in  the  lower  limbs  (see  p.  430). 

As  Babinski  has  pointed  out,  the  application  of  an  Esmarch  tourni- 
quet, from  the  toes  to  the  middle  of  the  thigh,  for  a  period  of  20  to  25 
minutes,  tempi  .arily  abolishes  all  the  reflexes,  deep  and  superficial, 
below  the  level  of  compression,  even  where  there  had  previously  been 
increased  deep  reflexes,  clonus,  and  an  extensor  plantar  response. 
Moreover,  the  plantar  reflex  as  it  returns,  after  removal  of  the  tourni- 
quet, may  for  a  few  minutes  show  a  normal  flexor  response  (especially 
on  stimulation  along  the  outer  border  of  the  foot)  before  the  extensor 
response  again  develops. 

We  should  also  remember  that  in  complete  trans-section  of  the 
spinal  cord  all  the  deep  reflexes  below  the  level  of  the  lesion  are  lost  for 
a  time,  usually  for  three  weeks  or  a  month,  during  which  the  paralysed 
muscles  are  flaccid  and  toneless.  This  is  followed  by  a  stage  in  which 
muscular  tonus  and  reflex  activity  reappear,  together  with  the  ' '  mass- 
reflex"  (see  p.  331).  Later  still,  if  toxic  febrile  complications  occur 
{e.g.  from  an  infected  bladder),  these  reflex  activities  gradually  disappear 
again. 

If,  however,  the  lesion  be  not  complete,  and  there  still  survives 
some  nervous  tissue  connecting  the  upper  and  lower  portions,  then  the 
deep  reflexes  are  exaggerated. 

Exaggeration  oi  Deep  Reflexes. — Sometimes  the  deep  reflexes  are 
exaggerated,  so  that  the  slightest  tap  on  the  tendon  produces  an 
abnormally  brisk  contraction.  This  may  be  the  result  of  various 
poisons— e.^.  tetanus,  or  strychnine  poisoning — rendering  the  reflex 
centres  unduly  explosive;  or  it  may  occur  in  simple  neurasthenia. 
But  organic  lesions  of  the  pyramidal  tract  are  by  far  the  commonest 
causes  of  permanent  exaggeration  of  the  deep  reflexes.  In  cases  of 
organic  disease,  we  look  also  for  the  presence  of  clonus.  A  clonus  is  a 
rhythmic  series  of  muscular  contractions  produced  by  sudden  i)a8sive 
stretching  of  the  tendon,  the  clonus  continuing  so  long  as  the  tension 
of  the  tendon  is  maintained. 

Clonus  can  be  inhibited  by  pinching  a  large  fold  of  the  skin  of  the 
lower  limb,  especially  of  the  thigh.    This  stops  the  clonus  at  once. 

Ankle-clonus  is  the  commonest  clinical  variety  of  clonus.  To  elicit 
it,  the  knee  is  passively  flexed  (Ihe  angle  of  flexion  varying  in  different 
cases) ;  the  ankle  is  then  suddenly  dorsiflexed  by  upward  pressure  on 
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the  sole  of  the  foot  (Fig.  188).  Ankle-clonus  is  due,  as  Weir  Mitchell  has 
pointed  out,  to  contraction,  not  of  the  gastrocnemius,  but  of  the  soleus 
muscle,  since  the  position  of  the  knee  which  is  best  for  eliciting  ankle- 
clonus  is  one  in  which  the  gastrocnemius  is  relaxed. 

A  spurious  anMe-clonus  is  sometimes  obtained  in  cases  of  hysteria. 
This  can  usually  be  distinguished  from  genuine  clonus  by  a  char- 
acteristic feeling  as  of  voluntary  contraction  in  the  muscles,  especially 
at  the  commencement  of  the  clonus,  difficult  to  describe  in  words. 
►Spurious  clonus  is  generally  poorly  sustained  and  often  irregular  in 
rhythm.    It  is  never  associated  with  an  extensor  plantar  reflex. 


l'"it;.  188. — Mfthod  of  eliciting  aukle-tlonus. 

Knee-dorms  or  rectus-clonus  is  best  obtained  by  sudden  downward 
traction  on  the  patella,  the  knee  being  passively  extended. 

In  chronic  organic  affections  of  the  pyramidal  tract,  practically 
every  one  of  the  deep  jerks  may  become  exaggerated  into  clojius. 
Thus  in  advanced  disseminated  sclerosis  we  niay  find  in  the  same 
patient  jaw-clonus,  elbow-clonus,  wrist-clonus,  finger-clonus,  knee- 
clonus,  ankle-clonus,  toe-clonus,  etc. 

The  presence  of  true  clonus  indicates  that  the  reflex  arc  is  hyper- 
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excitable,  owing  to  withdrawal  of  the  regulating  or  restraining  influence 
normally  exerted  through  the  pyramidal  tract.  Exaggeration  of  the 
deep  reflexes  is  therefore  one  of  the  cardinal  signs  of  a  chronic  lesion 
of  the  upper  or  cortico-spinal  motor  neurone. 

The  Bechterew-Mendel  reflex  is  elicited  by  tapping  the  dorsum 
of  the  foot,  preferably  over  the  cuboid  bone.  Instead  of  the  normal 
extension  of  the  four  outer  toes,  due  to  stimulation  of  the  extensor 
brevis  digitorum,  we  have  a  flexor  movement  of  these  toes.  This 
phenomenon  only  occurs  in  organic  lesions  of  the  pjTamidal  tract. 
Rossdimo's  sign  of  pvramidal  disease  consists  in  a  similar  sudden 
flexion  movement  of  the  toes,  produced  by  their  previous  extension, 
e.g.  by  striking  on  their  plantar  surface. 

In  the  upper  limb  TTomneT's  finger-phenomenon^  of  pyramidal 
disease  is  elicited  by  lightly  grasping  the  patient's  semi-pronated  hand 
and  then  lightly  flicking  the  terminal  phalanx  of  the  index  finger  in  a 
palmar  direction.  In  health,  the  patient's  thumb  remains  motionless, 
hut  in  disease  of  the  pyramidal  fibres  of  the  upper  limb  the  thumb  makes 
a  reflex  movement  of  adduction.  A  similar  movement  can  also  be 
elicited  by  firm,  slow  scratching  along  the  ulnar  side  of  the  palm,  from 
the  base  of  the  little  finger  towards  the  j)isiform  bone,  or  inversely.^ 

It  is  unnecessary  to  give  a  list  of  the  various  organic  diseases  in 
which  the  deep  reflexes  are  exaggerated.  Suffice  it  to  say  that  any 
chronic  lesion  of  the  pyramidal  tract  will  produce  exaggeration  of  the 
deep  reflexes  below  the  level  of  the  lesion.  Thus  in  paraplegia  due  to 
myelitis,  to  lateral  sclerosis,  or  to  some  other  affection  of  the  lateral 
columns,  or  in  hemiplegia  from  organic  brain  disease,  there  is  exaggera- 
tion of  the  deep  reflexes  in  the  paralysed  limbs,  owing  to  injury  or 
disease  of  the  pyramidal  fibres. 

There  is  an  important  exception  to  this  rule,  to  which  we  have 
already  referred,  namely  in  total  trans-section  of  the  spinal  cord,  as  in 
some  cases  of  bullet-wound  or  of  fractured  spine.  Such  total  lesion 
produces  an  initial  flaccid  paralysis  of  the  lower  limbs,  with  loss  of  the 
deep  reflexes  (Bastian  s  law).  But  if  the  lesion  be  incomplete,  we  have 
the  usual  spastic  type  of  paraplegia  from  the  outset,  with  increased 
deep  reflexes.  In  both  instanceSjWhether  the  lesion  be  total  or  partial, 
we  have  the  reflexes  of  spinal  automatism  in  the  lower  limbs,  and 
usually  an  extensor  type  of  plantar  reflex.  In  some  total  transversi? 
lesions,  however,  the  plantar  reflex  may  be  flexor  in  tjrpe,  temiporarily, 
for  several  weeks  at  least. 

We  should  also  mention  that  in  the  early  stages  of  a  peripheral 
neuritis,  e.g.  in  localised  neuritic  atrophy  in  association  with  arthritis, 

1  Neurciogisches  CetUralblaft,  1912,  p.  60^. 

2  Marie  ami  Foix.  Revue  ncurologirpie,  19 lo,  p.  583. 
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the  deep  reflexes  may  be  exaggerated.  But  this  soon  passes  off  and 
is  succeeded  bv  their  diminution  and  loss.  Again  in  subacute  combined 
degeneralion  of  the  lateral  and  posterior  colunms  of  the  cord,  there  is  an 
early  stage  of  spasticity  with  increased  deep  reflexes,  and  a  terminal 
stage  of  flaccid  paralysis  with  loss  of  reflexes. 

Sometimes  in  the  flexed  type  of  spastic  paraplegia  (see  p.  266)  the 
muscular  rigidity  of  the  paralysed  limbs  is  so  extreme  that  it  may  be 
impossible  to  obtain  the  knee-jerks  or  ankle-jerks,  which  we  should 
expect  to  find  exaggerated  in  these  cases.  This  is  because  the  muscles 
are  already  in  a  state  of  tonic  spasm.  But  if  we  succeed  in  temporarily 
relaxing  them,  by  passive  changes  of  posture,  we  can  sometimes  obtain 
the  increased  jerks  and  even  the  clonus.  In  most  cases,  the  spasticity 
and  the  presence  of  an  extensor  plantar  reflex  will  prevent  errors  in 
diagnosis. 

Papillary  Light  Reflex.— 

This  occupies  a  special  category  of  its  own.  The  reflex  is  elicit^ed  by 
exposing  the  pupil  to  light,  after  pre\'ious  shading.  Normally  under  such 
conditions  the  pupil  contracts  briskly,  both  when  stimulated  directly  and 
when  the  pupil  of  the  opposite  eye  is  exposed  to  lighu  (consensual  reflex). 
In  some  respects  the  pupil-reflex  to  light,  although  occurring  in  a  non- 
striated  muscle,  is  analogous  to  a  deep  reflex,  and  it  is  useful  to  remember 
that  in  tabes  this  reflex  disappears,  as  do  the  ordinary  tendon-reflexes. 
But  the  subject  of  the  various  pupil-reflexes  and  their  connections  with  tho 
third  nerve,  with  the  ciliary  ganglion,  and  with  the  cervical  sympathetic 
is  discussed  elsewhere  (see  "  Cranial  Nerves,"  p.  125,  and  "  Cervical 
Spupathetic,"  p.  341). 

Organic  Motor  Reflexes. — These  are  concerned  with  the  vegetative 
nervous  system  and  with  the  contraction  of  non-striated,  involuntary 
muscles.  The  contraction  of  non-striated  or  smooth  muscles  is  a  slow 
affair,  unlike  the  brisk  reflex  twitch  in  a  striated  muscle. 

The  following  is  a  list  of  organic  reflexes  which  are  of  diagnostic 
interest.  In  some  of  them,  such  as  the  cilio-spinal  or  the  scrotal,  the 
reflex  movement  is  executed  entirely  by  non-striated  muscle.  In  others, 
»uch  as  the  vesical,  uterine,  or  rectal,  the  non-striated  muscle  is  reiji- 
forced  by  vohmtary  striated  muscles. 

Method  of  Eucrnxa.  Result. 

Cilio-spinal       .      Pinching  or  scratching  skin  of  neck.  |  Pupil  dilates. 

Oculo-cardiac  .      Firm  compression  of  eyeballs.  Slowing  of  hear^. 

Cutaneo-gastric     Light  stroking  along  left  costal  margui.  ■  Stomach  contracts. 

Scrotal  .      .     .      Repeated  stroking  of  perineum  or  ap-  Dartos  contracts. 

plication  of  cold. 

Vesical  .      .      .      Distension  or  irritation  of  bladder  or  Bladder-wall  eontracts. 

posterior  urethra. 

Rectal  .     .     .      Distension  or  irritation  of  upper  part  Rectum  contracts. 

of  rectum.  "*t   • 

Genital       .      .      From  cerebrum  or  periplieiy.  Erection  of  corpora  cavernosa. 

Uterine       .     .      Distension  or  stimulation  of  utents.  Uterus  contracts. 

Internal  anal   .      Distension  of  anus  by  linger.  Internal  sphincter  ani  contracts. 
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In  many  of  these  the  reflex  movement  can  be  accomplished,  more  or  less 
perfectly,  independently  of  the  central  jiervous  system. 

The  oculo-cardiac  reflex  is  elicited  by  firm  compression  of  both 
eyeballs  backwards  into  the  orbits.  In  most  normal  individnals  this 
produces  an  immediate  slowing  of  the  cardiac  rate,  amounting  to  six 
or  eight  beats  per  minute,  lasting  throughout  the  time  of  compression 
and  sometimes  accompanied  by  extra-systoles.  The  slowing  ceases 
immediately  the  compression  is  discontinued.  Compression  of  the 
right  eyeball  produces  a  slightly  greater  effect  than  left-sided  ocular 
compression.  The  afferent  path  of  this  reflex  is  in  the  trigeminal 
nerve;  its  efferent  path  is  in  the  autonomic  fibres  of  the  vagus.  The 
oculo-cardiac  reflex  is  specially  marked  in  the  "  vago-tonic  "  type  of 
individual,  whereas  in  "  sympathetico-tonic"  individuals  it  may  be 
diminished  or  absent.  It  is  sometimes  exaggerated  in  exophthalmic 
goitre  and  frequently  lost  in  tabes.  It  can  be  temporarily  abolislied  by 
the  administration  of  atropin. 

The  cntaneo-gastric  reflex,  to  which  attention  has  been  specially 
directed  by  Percy  Mitchell,^  is  of  considerable  clinical  interest.  It  is 
elicited  by  laying  the  patient  flat  on  his  back  and  gently  stroking  the 
skin  along  the  left  costal  margin,  beginning  about  the  tenth  costal  car- 
tilage, gradually  ascending  towards  the  xiphisternum,  and  descending 
slightly  down  the  right  costal  arch.  Meanwhile  a  fairly  heavy  phonen- 
doscope  is  placed  on  the  epigastrium,  whereby  the  observer  can  hear 
the  movement  of  stomach-contents,  gas,  or  air,  as  each  wave  of  reflex 
contraction  passes  along  the  stomach- wall  from  left  to  right.  After  a 
few  seconds  or  minutes  of  stroking,  we  hear  bubbles  of  gas  being 
expelled  through  the  pylorus.  We  cease  our  stroking  until  that 
particular  contraction  comes  to  an  end,  then  proceed  again,  until  by 
successive  contractions  the  gas  is  all  expelled.  On  continuing  further 
strokings,  we  hear  low,  crunching  sounds,  "  like  a  man  walking  on 
frozen  snow,"  probably  due  to  churning  movements  of  the  pyloric 
antrum.  This  sound  increases  in  intensity  as  the  muscular  wave 
approaches  the  pylorus.  When  the  pylorus  opens,  a  sizzling  and 
gushing  sound  is  heard  as  the  fluid  passes  through  the  pylorus.  To- 
wards the  end  of  the  seance  we  sometimes  hear  a  long-continued  power- 
ful rush  of  fluid — a  debacle,  when  the  stomach  completely  empties  itself 
into  the  duodenum.  When  the  stomach  is  at  last  empty,  stimulation 
produces  a  soft,  sighing  sound,  apparently  due  to  peristalsis  of  the 
empty  organ. 

This  reflex  is  of  value  in  the  treatment  of  atonic  dilatation  of  the 
stomach.  Before  attempting  to  elicit  the  reflex,  an  interval  of  three 
or  four  hours  should  be  allowed  to  elapse,  after  the  preceding  meal, 
in  order  to  allow  time  for  gastric  digestion  to  be  well  advanced. 

i  lancet,  January  28,  1911. 


REFLEXES 


329 


Certain  reflex  centres  for  the  bladder,  uterus,  and  rectum  are 
situated  within  the  spinal  cord.  But  clinical  and  pathological  evidence 
has  shown  that  the  lowest  reflex  centres  for  the  contraction  of  the 
bladder,  and  of  the  neighbouring  hollow  viscera  possessing  non-striated 
muscular  walls,  are  situated  extra-spinally,  in  the  hypogastric  and 
hajmorrhoidal  plexuses  of  the  vegetative  nervous  system,  and  in  the 
bladder-\vall  itself,  where  nerve-cells  and  fibres  are  present,  constituting 
a  peripheral  vesical  plexus. 

To  A  From  cerebrum 

Spinal  micturition  centre 


Sympathetic  cord 


—  Cauda  equina 


Hypogastric  nerves 


Hypogastric  plexus 


Fig.  18i). — ^Nerves  passing  to  bladder  and        Fig.  100. — ^Diagram  of  nerves  of  bladder, 
its  sphincters.  explanatory  of  Fig.  189. 

{Thomson  Walker.) 

Like  all  internal  organs  of  the  body,  the  bladder  has  a  double  innerva- 
tion, partly  from  the  sympathetic  and  partly  from  the  autonomic  system. 
The  sympathetic  fibres  reach  the  sympathetic  chain  through  the  third, 
fourth,  and  fifth  lumbar  roots,  and  are  conducted  to  the  vesical  plexus 
through  the  inferior  mesenteric  and  hypogastric  plexuses  (see  Fig.  190 ). 
The  sacral  autonomic  fibres  reach  the  bladder  through  the  second,  third 
and  fourth  sacral  roots,  vi^'i  the  pudic  nerves  or  nervi  erigentes.  These  two 
sets  of  nerves  are  mutually  antagonistic.  Thus  stimulation  of  the  nervi 
erigentes  produces  relaxation  of  the  non-striped  sphincter  ^\^th  contraction 
of  the  bladder-wall  (detrusor  urinae),  thereby  producing  emptying  of  the 
bladder;  whereas  stiniulation  of  the  hypogastric  plexus  causes  accentuation 
of  the  tonus  of  the  sjihincter  with  inhibition  of  the  detrusor,  thereby  pro- 
ducing retention  of  urine. 

The  vegetative  vesical  centre  can  be  stimulated  from  the  cerebro- 
spinal system..  Micturition  in  the  adult  is  a  voluntary  act,  but  only 
to  this  extent  that  it  can  be  voluntarily  initiated.  This  is  accom- 
plished by  contracting  the  diaphragm  and  abdominal  walls,  producing 
a  rise  in  the  intra-vesical  tension,  which  starts  the  reflex :  the  bladder- 
wall  contracts,  whilst  the  involuntary,  non-striped  sphincter  is  inhibited. 
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Meanwhile  the  voluntary,  striated  constrictor  urethrtp  is  relaxwl.  The 
non-striated  bladder-wall  itself,  the  so-called  detrusor  urina\  is  not 
under  control  of  the  will.  Once  started,  the  bladder  empties  itself 
spontaneously,  and  we  can  stop  the  act  only  by  voluntarily  innervating 
the  constrictor  urethreB,  usually  a  matter  of  considerable  effort.  Reflex 
micturition  is  often  excited  by  irritation  of  the  urethra,  especially  of  its 
vesical  end.  Thus  if  a  few  drops  of  urine  trickle  into  the  prostatic 
urethra,  an  imperious  reflex  act  of  micturition  results,  which  is  difficult 
to  prevent.  Similar  phenomena  are  produced  by  the  irritation  of  a 
posterior  urethritis. 

The  sensory  nerves  from  the  bladder  pass  through  the  sacral  autonomic 
by  the  rami  communicantes,  and  along  the  posterior  roots  into  the  sjjinal 
cord  (see  later,  pp.  335-336).  They  serve  to  inform  us  of  the  distension  of 
the  bladder.  There  are  also  higher  micturition  centres,  some  in  the  spinal 
cord  (in  the  lower  sacral  segments),  others  higher  still  in  the  mid-brain,  in 
the  corpus  striatum  and  optic  thalamus;  others,  highest  of  all,  in  the  motor 
cortex.  One  cortical  micturition  centre,  which  controls  the  voluntary 
external  sphincter  and  the  bulbo-cavernosus  muscle,  is  situated  in  the  pre- 
central  gyrus,  between  the  hip  and  shoulder  motor  centres.  A  second 
centre,  controlling  and  inhibiting  the  internal  bladder  sphincter,  is  situated 
on  the  mesial  aspect  of  each  cerebral  hemisphere,  in  the  para-central  lobule, 
close  to  the  cortical  centre  for  the  toes.^  These  higher  centres,  one  for  the 
voluntary  restraint  or  interruption  of  micturition,  the  other  for  voluntary 
inhibition  of  the  internal  sphincter  and  for  the  emptying  of  the  bladder  at 
a  convenient  moment,  control  the  sub-cortical  and  spinal  centres.  When 
these  higher  centres,  spinal  or  cerebral,  are  hyper-excitable,  whether  from 
disease  or  from  emotion,  we  may  have  precipitancy  of  micturition,  or  even 
enuresis,  a  condition  in  which  the  brain  and  spinal  cord  on  the  slightest 
provocation  send  impulses  which  relax  the  compressor  urethrte. 

Periodic  reflex  incontinence  is  a  condition  in  which  the  bladder 
contracts  intermittently  and  automatically,  expelling  its  contents  at 
intervals  of  an  hour  or  two.  This  is  the  normal  condition  in  little 
infants,  in  whom  it  forms  part  of  a  primitive  "  mass-reflex,**  comprising 
not  only  bladder-contraction,  but  also  emptying  of  the  lower  bowel, 
flexion  of  the  lower  limbs,  and  sweating.  In  adults  this  mass-reflex  is 
usually  in  abeyance,  being  dominated  by  higher  centres  in  the  mid- 
brain, but  it  may  reappear  in  emotional  conditions,  especially  in  con- 
ditions of  fear,  when  the  bladder  and  even  the  rectum  may  contract 
involuntarily  and  the  individual  sweats  profusely. 

In  an  acute  total  transverse  lesion  of  the  spinal  cord,  there  is  an 
initial  phase  of  retention  of  urine,  due  to  tonic  contraction  of  the 
internal  sphincter,  and  requiring  catheterisation.  If  no  catheter  be 
passed,  the  bladder  becomes  over-distended,  and  its  muscular  wall  is 
so  stretched  that  it  will  no  longer  contract.  We  then  have  a  condition 
of  overflow-dribbling,  in  which  the  excess  of  urine,  which  the  flaccid, 

1  Adler,  Neurologisches  Centralblatt,  1919,  p.  618. 
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distended  bladder  can  no  longer  contain,  rims  away  continuously 
thi'ough  the  urethra.  Similar  overflow-dribbling  sometimes  occurs  in 
cases  of  cojna,  or  in  the  deep  insensibility  of  fevers  such  as  typhoid,  in 
which  catheterisation  has  been  neglected. 

If,  however,  in  cases  of  transverse  spinal  cord  lesion,  a  catheter  is 
being  passed  regularly  to  prevent  distension  and  infection  (as  is  usually 
done),  the  bladder  within  a  few  days  begins  to  regain  its  contractile 
power.  At  first,  its  systole  is  feeble,  so  that  it  can  only  actively  expel 
2  or  3  ounces  at  a  time  through  the  catheter,  and  the  residue  of  the 
bladder-contents  runs  out  by  gravity.  But  soon  its  systolic  power 
increases,  until  it  can  actively  expel,  say,  7  ounces  out  of  10,  the  re- 
mainder, constituting  the  "  residual  urine,"  being  draw^n  off  by  gravity 
through  the  catheter  after  the  bladder  systole  is  over.  After  five  or  six 
days  of  this  sort  of  education,  the  bladder  gradually  becomes  able  to 
contract  more  completely  and,  eventually,  to  evacuate  actively  its 
entire  contents,  say  10  ounces,  through  the  catheter.  (The  amount 
which  each  individual  bladder  can  cope  with,  so  as  actively  to  empty 
itself  completely,  varies  from  one  patient  to  another.) 

Still  later,  say  three  weeks  or  a  month  after  an  acute  total  trans- 
verse spinal  cord  lesion,  concurrently  with  return  of  muscular  tonus, 
reap])earance  of  the  knee-jerks,  and  development  of  an  extensor  plantar 
response,  reflex  contraction  of  the  bladder  occurs,  even  against  the 
resistance  of  the  sphincter,  so  that  catheterisation  may  no  longer  be 
required.  In  such  ca.ses,  if  we  scratch  the  sole  of  the  foot,  we  get  not 
only  an  extensor  plantar  reflex  and  a  drawing-up  of  one  or  both  limbs 
(see  "  reflexes  of  spinal  automatism,"  p.  215),  but  also  reflex  bladder- 
contraction;  i.e.  the  primitive  "mass-reflex"  reappears.  In  such 
cases,  bladder-contraction  may  be  elicited  by  scratchings,  not  only  of 
the  sole  of  the  foot,  but  also  of  the  anterior  surface  of  the  thigh.  Thus 
a  patient  who  is  totally  paraplegic  and  anaesthetic  in  his  lower  limbs 
(unless  a  cauda  equina  lesion  prevents  impulses  from  reaching  the 
spinal  cord)  may  learn  to  utilise  his  reflex  incontinence  so  as  to  empty 
his  bladder  when  full,  by  scratching  the  front  of  his  own  thigh,  thereby 
inducing  a  mass-reflex  with  concurrent  flexion  of  the  lower  limbs. 
Conversely,  automatic  evacuation  of  the  bladder  or  rectum  may  induce 
a  flexor  spasm  of  the  legs.  In  such  patients,  when  the  bladder  is 
becoming  distended,  violent  sweating  occurs  over  the  area  of  skin 
supplied  by  sympathetic  fibres  below  the  level  of  the  spinal  lesion,  and 
there  may  even  be  a  gastro-intestinal  reflex  in  the  form  of  vomiting. 
If  the  bladder  be  emptied,  whether  by  catheter  or  by  scratching  the 
thigh,  this  vomiting  and  excessive  sweating  no  longer  occur.-^ 

The  mass-reflex  can  only  be  elicited  in  patients  with  a  "  flexor 

1  Head  and  Riddoch,  Brain,  1918,   vol.   xl,  pp.    140-203.      Riddoch,    Lancet, 
December  21,  1918,  p.  839, 
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type  "  of  spastic  paralysis  (see  p.  206).  Therefore,  if  a  case  recovers 
still  further,  so  as  to  lose  its  flexor  type  and  to  show  extensor  rigidity 
of  the  lower  limbs,  stimulation  of  the  sole,  although  causing  an  extensor 
plantar  response  of  that  limb,  will  no  longer  produce  an  indiscriminate 
mass-reflex,  and  the  reflex  induced  will  no  longer  spread  to  the  bladder, 
rectum  or  sweat-glands. 

Tnte  dribUimi  of  urine^  as  distinguished  from  intermittejit  con- 
traction of  the  bladder,  occurs  most  typically  in  cases  of  tabes  and  is 
most  frequently  due  to  anaesthesia  of  the  bladder,  which  being  now 
insensitive  to  distension,  is  no  longer  stimulated  to  contract  by  the 
normal  accumulation  of  urine.  The  tabetic  patient  with  an  anaesthetic 
distended  bladder  expels  his  urine,  not  by  contraction  of  the  bladder  but 
by  pressure  with  his  abdominal  walls.  This  can  readily  be  verified  if 
we  have  to  pass  a  catheter  for  the  purpose  of  emptying  a  tabetic 
patient's  bladder.  True  dribbling  also  occurs  in  an  over-distended 
bladder  which,  from  obstruction  in  the  prostate  or  urethra,  has  become 
flaccid,  paralysed  and  atonic. 

But  true  paralytic  incontinence  also  occurs  in  certain  cases  of  s])in.al 
cord  or  cauda  equina  lesions  in  which  there  is  an  atonic  sphincter 
combined  with  a  flaccid  bladder,  in  which  the  urine  dribbles  away  con- 
tinuously without  accumulating. 

The  internal  anal  reflex  is  tested  by  inserting  a  finger  within  the  anus. 
Normally  the  finger  is  tightly  grasped  by  the  non-striated  internal 
sphincter,  innervated  by  sacral  autonomic  fibres.  This  reflex  is  inde- 
pendent of  the  superficial  anal  reflex  of  spinal  origin,  to  which  we  have 
already  referred.  When  the  internal  anal  reflex  is  lost,  the  anus  no 
longer  grasps  the  finger  but  remains  open  for  several  seconds, ' '  yawn- 
ing," after  the  finger  has  been  withdrawn.  Such  loss  is  most  commonly 
due  to  anaesthesia  of  the  anal  canal,  as  in  tabetic  or  other  lesions  of  the 
Cauda  equina.  The  result  is  incontinence  of  faeces.  If  there  be  a  lesion 
within  the  spinal  cord,  above  the  spinal  centre  in  the  conus  medullaris, 
there  is  intermittent  rectal  incontinence.  But  if  the  lesion  be  in  the 
afferent  nerves  from  the  rectum,  the  internal  sphincter  loses  its  reflex 
tonus  and  remains  relaxed,  and  the  faeces,  if  fluid,  dribble  away  continu- 
ously from  the  unwitting  patient  when  theyenter  his  anaesthetic  rectum. 

To  test  the  scrotal  reflex,  which  is  an  excellent  example  of  a  ]niroly 
autonomic  motor  phenomenon,  the  patient  stands  bending  forwards 
with  his  legs  wide-spread  and  scrotum  hanging  free.  The  skin  of  the 
perinemn  is  now  stroked  with  some  hard  object  five  or  six  times  in 
succession.  After  a  few  seconds  an  extremely  slow,  worm-like  con- 
traction appears  in  the  non-striated  dartos  muscle,  begiiuiing  near  the 
perbieal  ])art  of  the  scrotum  and  spreading  forwards.  This  reflex  can 
also  be  elicited  by  the  application  of  cold  to  the  perineum  or  scrotum. 

Tn  addition  to  the  foregoing  ordinary,  innate,  or  stereotyped  re- 
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flexes,  wKich  in  iiornial  individuals  traverse  relatively  simple  paths,  the 
central  nervous  system  also  possesses  the  faculty  of  establishing  new  or 
acquired  reflexes  by  a  process  of  practice  and  repetition.  These  so- 
called  conditional  reflexes  have  been  specially  studied  by  Pawlow  and 
his  school.  For  example,  the  secretion  of  saliva  can  be  induced  as  an 
ordinary  reflex  in  an  mitrained  animal  by  the  introduction  of  food  or  of 
acid  substances  into  the  mouth.  Other  afferent  stimuli  can  also 
induce  reflex  salivation,  e.(j.  the  sight  or  smell  of  food,  and  sometimes 
even  the  thought  of  food.  Moreover,  stimuli  of  an  entirely  extraneous 
and  indifferent  nature,  by  a  process  of  training,  can  also  be  made  to 
induce  salivary  secretion,  thereby  constituting  a  new  or  acquired 
reflex.  Thus  in  the  case  of  a  dog,  if  a  certain  note  be  struck  on  a  gong 
on  every  occasion  immediately  before  food  is  placed  in  the  animal's 
mouth  (or  if  in  another  dog  a  painful  electrical  stimulus  be  applied  to 
the  skin  within  a  few  seconds  prior  to  administering  food),  then  in  the 
course  of  time,  by  a  process  of  repetition  of  the  same  experiment,  the 
central  nervous  system  comes  in  the  one  animal  to  associate  the  sound 
of  the  gong,  and  in  the  other  animal  to  associate  the  painful  electrical 
stimulus,  with  the  administration  of  food  and  with  its  concomitant 
salivary  secretion.  Finally,  after  a  time,  the  "  conditional  stimulus  " 
alone  suffices,  even  without  the  administration  of  food,  to  induce 
salivation,  so  that  in  the  one  animal  the  mere  sound  of  the  gong, 
or  in  the  other  the  mere  application  of  a  painful  electrical  stimulus  to 
the  skin,  at  once  induces  copious  salivation  without  producing  the 
ordinary  and  natural  reflex  of  fright  or  pain  to  which  these  stimuli 
originally  gave  rise.  In  other  words,  the  stimulus  has  been  diverted 
from  one  part  of  the  nervous  system  to  another.  These  are  "  con- 
ditional"  or  acquired  reflexes,  which  are  established  by  means  of 
specialised  "  analysors  "  comprising  the  peripheral  end-organ  of  the 
sense-organ  (bearing,  pain,  etc.),  the  corresponding  afferent  nerve- 
fibre,  and  its  ultimate  termination  in  the  sensory  cortex.  8uch  analy- 
sors are  constantly  at  work  regulating  the  reactions  of  the  living 
organism  to  its  varying  environment. 

Conditional  reflexes  are  the  cause  of  many  psycho-motor  and  other 
phenomena  of  which  familiar  examples  can  be  found.  A  large  part  of 
our  elementary  education  is  concerned  with  the  establishment  of  con- 
ditional reflexes  which  are  useful  to  us  under  circumstances  which  are  of 
specially  frequent  occurrence.  The  maxim  that  "  practice  makes 
perfect "  is  based  on  the  fact  that  complex  psycho-motor  actions, 
originally  demanding  a  considerable  effort  of  conscious  attention  {e.g. 
swimming,  riding,  driving  a  motor-car  or  an  aeroplane),  may  in  the 
course  of  time  become  conditional  reflexes,  so  that  the  individual, 
whilst  performing  them,  becomes  able  at  the  same  time  to  direct  his 
conscious  attention  to  other  things. 
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AFFECTIONS  OF  THE  VEGETATIVE  NERVOUS  SYSTEM 

The  Vegetative  Nervous  System  is  a  highly-complex  system  of  ganglia, 
iierve-tibres  and  uerve-plexuses,  which  innervates  the  non-striped 
muscles  of  the  body  generally,  also  the  pupils,  the  various  glands  and 
viscera,  the  heart  and  blood-vessels,  and  the  genital  organs.  It  is 
developed  by  outgrowth  from  the  cerebro-spinal  system,  with  which 
it  remains  connected  by  afferent  and  efferent  fibres,  so  that  impulses  from 
the  central  nervous  system  can  affect  the  vegetative  system,  and  pice 
versa.  Moreover,  a  number  of  specialised  vegetative  nerve-cells  remain 
within  the  cerebro-spinal  axis,  thereby  accounting  for  the  occurrence  of 
vegetative  phenomena  in  certain  central  diseases.  Unlike  the  nerves 
of  the  cerebro-spinal  system,which  pass  directly  from  the  nerve-cells 
of  the  lower  neurons  to  the  volmitary  muscle-fibres  which  they  imier- 
vate,  no  fibre  of  the  vegetative  system  passes  from  the  cerebro-spinal 
axis  to  an  involuntary  end-organ  withouttheinterposition  of  a  ganglion- 
cell  in  ite  course.  The  vegetative  nerve-fibres  passing  from  the  cerebro- 
spinal cells  to  the  ganglion-cells  are  termed  pre-yanylmiic  ;  those  pass- 
ing from  the  ganglion-cells  to  the  viscera  are  yost-gan^lianic. 

The  vegetative  system  has  two  great  subdivisiojis — the  sympathetic 
system  proper  and  the  autonomic  or  para-sympathetic  system.  These 
two  divisions  are  not  only  anatomically  distinct,  but  also  physiologically 
antagonistic,  mutually  counterbalancing  one  another. 

The  sympathetic  proper  (consists  of  two  chains  of  gangliated  cords, 
like  two  strings  of  beads,  one  on  each  side,  close  in  front  of  the  vertebral 
coliunn,  from  tlio  atlas  to  the  coccyx. 

In  the  thoracic,  lumbar,  and  sacral  regions  the  sympathetic  ganglia 
c  orrespond  in  number  to  the  spinal  nerve-roots,  but  in  the  neck,  instead 
of  eight  ganglia,  there  are  only  three  in  each  chain — superior,  middle,  and 
inferior.  These  cervical  gangUa  are  connected  with  the  spinal  cord,  not 
through  the  cervical  roots,  but  through  the  first  and  second  thoracic  roots 
(seelater,  p.  341). 

Each  chain  is  made  up  of  multipolar  nerve-cells  with  nerve-fibres,  all 
of  them  involuntary,  destined  for  gland-tissue,  for  blood-vessels,  and  for 
organs  whioli  possess  non-stript'd  muscle-fibres. 

Tho  sympathetic  chain  is  connected  with  the  spinal  cortl  by  short  rami 
commnnicarUcs,  some  of  them  white,  some  of  them  grey  (sec  Fig.  191).  The 
white  rami,  composed  of  very  fine  medullated  fibres,  are  mainly  efferent 
(viscero-motor)  or  spino-sympathetic.      They  are  pre-ganglionic   fibres, 
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arising  from  spocial  cells  in  the  intenueclio-latcral  rogioxi  (nucleus  synipathc- 
ticus)  of  the  spinal  cord.  They  emerge  from  the  cord  through  the  anterior 
roots,  from  the  first  thoracic  to  the  second  lumbar  inclusive.  These  efierent 
visceral  fibres  never  reach  th"ir  peripheral  terminations  directly,  but  pass 
through  the  anterior  root  to  terminate  in  the  corresponding  sympathetic 
ganglion,  where  a  second  (or  post-ganglionic)  fibre  takes  up  the  nervous 
impulse  and  transmits  it  to  the  terminal  non-striped  muscle  or  gland  (see 
Fig.  191).  Post-ganglionic  nerve-fibres  are  usually  non-myelinated.  The 
white  rami  also  contain  afferent  medullated  viscero-sensory  fibrpa  which 


Fia.  191. — Diagram  illustrating  comieotions  between  a  sympathetic  gaugliou  and  a 
spinal  nerve  in  the  thoracico-abdominal  region. 


belong  to  the  cells  of  the  posterior  root-ganglion.  Unlike  the  efierent  fibres, 
these  afferent  fibres  are  not  interrupted  into  a  pre-  and  post-ganglionic 
portion,  but  traverse  the  sympathetic  ganglion  unbroken,  running  continu- 
ously from  their  peripheral  sensory  end-organs  to  the  posterior  root- 
ganglion. 

The  (jreij  rami  pass  from  all  the  ganglia  of  the  sympathetic  chain  to  the 
cerebro-spinal  nerves;  they  are  not  limited,  like  the  white  rami,  to  the 
thoracic  and  upper  lumbar  regions.  Most  of  their  fibres  are  non-medul- 
lated.  They  originate  as  post-ganglionic  fibres  from  the  cells  of  the 
sympathetic  ganglion,  and  pass  directly  to  the  spinal  nerve,  in  which  they 
are  conducted  to  their  destinations,  supplying  efferent  involuntary  fibres 
to  the  periphery.    Their  functions   are  viscero-motor,  vaso-motor,  vaso- 
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inhibitory,  and  excito-glauUular  or  secretory  to  epidermal  structurea — C.7., 
sweat-glands,  etc. 

The  autonomic  system  (or  system  of  the  "  extended  vagus ")  does 
not  form  a  chain  like  the  sympathetic  proper,  but  consists  of  nerve-fibres 
with  peripheral  ganglia  arranged  in  plexuses  on  the  surfaces  of  the  viscera 
supplied.     They  also  have  their  corresponding  white  rami. 

Some  come  from  higher  levels  {cranio-cervical  autonomic),  either  (a)  from 
the  mid-brain  (along  the  oculo-juotor  nerve  to  the  ciliary  ganglion,  and 
thence  to  the  iris  and  ciliary  muscle),  or  (h)  from  the  medulla  (along  the 
nervus  intermedins,  glosso-j)haryngeal,  and  vagus  to  various  ganglia — 
spheno-palatine,  otic,  and  sub-maxillary). 

These  white  rami  have  their  cells  of  origin  in  special  nuclei  in  the  brain- 
stem (Edinger-Westphal  nucleus  in  the  mid-brain,  and  nucleus  lateralis  in 
the  bulb),  which  are  homologous  with  the  intermedio-lateral  nucleus  in  the 
spinal  cord.  The  vagus  nerve  is  the  largest  and  most  important  consti- 
tuent of  the  cranio-cervical  autonomic  system. 

Other  autonomic  fibres  {sacral  autonomic)  emerge  from  the  spinal  cord 
at  a  level  lower  than  that  of  the  sympathetic  proper — viz.,  through  the 
second,  third,  and  fourth  sacral  nerves  (see  Fig.  192),  and  pass  to  the 
descending  colon,  sigmoid,  rectum,  bladder,  urethra,  and  genital  organs. 

The  vegetative  system  has  three  great  pre-vertebral  plexuses  lying 
distal  to  the  ganglion-chain,  near  the  large  blood-vessels — the  cardiac,  the 
solar  (or  abdominal  aortic),  and  the  hypogastric.  These  plexuses  are 
all  situated  mesially,  and  they  receive  branches  from  the  cerebro-spinal 
nerves  as  well  as  from  the  vagi  and  sympathetic  chains.  They  are  dis- 
tributed exclusively  to  the  viscera,  and  send  no  fibres  to  the  spinal  nerves. 

The  cardiac  plejcus,  receiving  autonomic  pre-ganglionic  fibres  from  the 
vagi,  and  sympathetic  fibres  from  all  of  the  cervical  ganglia,  has  a  superficial 
and  a  deep  division.  The  superficial  cardiac  plexus  is  situated  in  the 
concavity  of  the  aortic  arch;  the  deep  division,  much  larger,  lies  behind 
the  aortic  arch,  between  it  and  the  trachea.  From  these  two  divisions 
fibres  pass  on  to  the  coronary  and  pulmonary  plexuses.  Distal  to  these 
again  are  the  terminal  ganglia  in  the  walls  of  the  heart  and  other  viscera. 

The  solar  (or  abdominal  aortic)  plexus  lies  in  front  of  the  upper  part  of 
the  abdominal  aorta  and  of  the  pillars  of  the  diaphragm.  It  receives 
autonomic  pre-ganglionic  fibres  from  the  vagi,  and  sympathetic  fibres  from 
thegreater  and  lesser  splanchnic  nerves,  derived  from  the  thoracic  part  of  the 
gangliated  chains.  The  solar  plexus  gives  off  numerous  branches  forming 
subsidiary  or  terminal  plexuses  around  various  branches  of  the  abdominal 
aorta,  and  innervating  the  abdominal  viscera. 

The  hypogastric  plexus,  which  supplies  the  pelvic  viscera,  lies  in  the  space 
between  the  two  common  iliac  arteries.  It  receives  sympathetic  fibres 
from  the  lumbar  ganglia,  and,  after  dividing  into  the  two  pelvic  plexuses, 
one  on  each  side  of  the  rectum,  or  vagina,  receives  sacral  autonomic  fibres 
from  the  third  and  fourth  sacral  nerves.  The  pelvic  plexuses  subdivide 
and  supply  the  terminal  ganglia  innervating  the  rectum,  bladder,  and 
genital  organs. 

There  are  two  main  classes  of  reflexes  within  the  vegetative  nervous 
system.  In  one  variety  the  centripetal  path  runs  in  a  cerebro-spinal 
nerve,  and  the  stimulus,  on  reaching  the  brain-stem,  is  reflected  out- 
wards along  a  fibre  of  the  vegetative  system.  Examples  of  this  class 
of  reflex  are  salivation,  sweating,  flushing  of  the  skin,  the  genital  reflex, 
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Fig.  192.-=-The  vegetative  nervous  system,  with  its  autonomic  and  sympathetic 
subdivisions.  In  the  sympathetic,  each  nerve  cell  (S)  has  an  adrenal  secretory 
cell  (A)  in  connection  with  it. 
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otc.  A  second  variety  of  vegetative  reflex  has  both  its  afferent  and  its 
eiferent  limb  running  in  vegetative  paths,  e.g.  the  ordinary  movements 
of  hollow  organs  which  are  under  the  control  of  peripheral  plexuses 
(such  as  the  gastro-intestinal  tract,  uterus,  ureter,  or  bladder),  all  of 
which  contract  independently  of  cerebro-spinal  stimuli. 

The  cutaneous  and  internal  organs,  containing  non-striped  muscle 
or  secretory  cells,  are  independent  of  our  will.  Nevertheless  they  can 
be  profoundly  influenced  by  the  central  nervous  system  through 
emotional  stimuli  such  as  anger,  fear,  pleasure,  surprise,  shame,  sexual 
excitement,  etc.  Thus,  for  example,  the  processes  of  digestion  are 
specially  sensitive  to  emotional  states,  so  that  pleasurable  experiences — 
an  artistically  laid  table,  a  charming  neighbour,  a  gently  melodious 
orchestra — promote  digestion,  whereas  painful  or  disagreeable  sensa- 
tions inhibit  it. 

With  regard  to  the  vegetative  afferent  fibres  in  the  grey  rami,  it 
is  well  recognised  that  the  viscera  have  a  sensibility  of  their  own,  with 
special  sensory  end-organs,  e.g.  the  Pacinian  corpuscles,  and  are  the 
starting-point  of  impulses  which,  like  other  sensory  stimuli,  are  con- 
veyed to  the  spinal  cord  along  the  posterior  roots. 

Normally  these  visceral  stimuli  do  not  reach  our  consciousness,  so 
that  in  health  we  are  unaware  of  the  functional  activity  of  our  organs, 
except  for  occasional  vague  generalised  sensations  such  as  hunger^  or 
thirst,  or  the  sense  of  well-being  following  a  meal  or  after  certain  local 
visceral  activities,  e.g.  the  emptying  of  a  distended  bladder  or  large 
intestine,  or  the  se'xual  orgasm. 

In  diseased  conditions,  however,  visceral  sensory  stimuli  may  be  so 
intense  as  to  give  rise  to  conscious  sensations.  Such  sensations  may 
be  generalised,  as  in  the  nausea  of  gastro-intestinal  irritation  or  the 
air-hunger  of  respiratory  obstruction.  In  other  cases  the  sensations 
are  localised,  and  are  usually  referred  by  the  patient  to  the  area  of  skin 
corresponding  to  the  nerve-root  which  conducts  the  afferent  impulse 
(see  Fig.  191,  p.  335).  Thus  we  get  the  various  "  referred  pains  "  of 
visceral  diseases,  and  areas  of  cutaneous  and  muscular  tenderness, 
e.g.  pain  along  the  inner  border  of  the  left  arm  in  angina  pectoris,  liyper- 
aesthesia  and  localised  muscular  rigidity  of  the  left  upper  abdomen 
in  gastric  ulcer,  pain  in  the  ipso-lateral  testicle  and  hyper-sesthesia  of 
the  scrotum  in  renal  calculus,  and  so  on.  Moreover,  certain  symptoms 
in  hysterical  and  neurasthenic  patients  are  strongly  suggestive  of 
visceral  hyper-aesthesia  (cencesthopathy),  where  normal  stimuli,  which 
in  health  are  unperceived,  reach  a  morbidly  sensitive  consciousness. 

Every  organ,  whether  hollow  muscular  organ,  blood-vessel,  or  gland. 

1  In  addition  to  craving  for  food,  and  general  malaise  due  to  weakness  and  tis>up- 
starvation,  hunger  may  also  be  associated  with  specific  hunger-pains,  apparently  due 
to  waves  of  muscular  contraction  in  the  stomach :  a  variety  of  muscle-sense. 
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which  is  innervated  by  the  vegetative  system,  has  a  double  innervation, 
derived  partly  from  the  sympathetic  proper  and  partly  from  the  auto- 
nomic system,  cranial  or  sacral.  This  innervation  is  not  only  a  double 
one,  but  its  two  elements  are  mutually  antagonistic,  like  a  ])air  of  reins. 
Under  normal  conditions  these  two  forces  are  in  equilibrium.  Ac- 
cording as  the  sympathetic  or  the  autonomic  ijifluence  predominates, 
so  do  we  have  variations  in  the  activity  of  the  particular  organ. 

Thus,  for  example,  the  heart  receives  autonoinic  (inliibitory)  im])ulsos 
from  the  vagus  and  sympathetic  (accelerator)  fibres  through  the  superior 
cervical  ganglion  of  the  spnpathetic.  The  pupil  receives  autonomic 
(sphincter)  impulses  through  the  oculo-motor  nerve  and  sympathetic 
(dilator)  impulses  through  the  cervical  sympathetic  (see  later  p.  341). 
The  intestine  receives  autonomic  (motor  and  secretory)  fibres  from  the 
vagus  and  sympathetic  (inhibitory)  impulses  through  the  splanchnic  nerve. 
At  the  lower  end  of  the  intestine  the  vagal  autonomic  fibres  are  replaced 
])y  those  of  the  nervi  erigentes  derived  from  the  sacral  autonomic  system. 
The  genital  organs  receive  their  autonomic  (vaso-dilator)  fibres  through 
the  nervi  erigentes  and  their  sympathetic  (vaso-constrictor)  fibres  from  the 
hypogastric  plexus. 

Relation  of  the  Vegetative  System  to  Various  Drugs  and  to  the 
Ductless  Glands : — 

Autonomic  fibres  and  end-organs  are  specially  stimulated  by  cholin 
bodies  and  by  pilocarpin.  They  are  paralysed  by  alkaloids  of  the 
atropin  group  (belladonna,  hyoscyamus,  stramonium).  £[h"^^",  a 
product  of  normal  tissue-metabolism,  circulates  in  the  blood-stream 
and  acts  as  a  hormone,  exercising  its  specific  action  on  the  autonomic 
system.  Autonomic  stimulation  is  evidenced  by  some  of  the  follow- 
ing phenomena : — ^myosis,  deficient  gastro-intestinal  peristalsis,  con- 
traction of  the  uterus,  ureter,  bladder,  and  bronchial  muscle,  slowness 
and  diminished  force  of  the  heart-beat,  paresis  of  the  abdominal  blood- 
vessels, lowered  blood-pressure,  pallor  of  the  skin,  increase  of  glandular 
secretions  throughout  the  body,  etc.  These  effects,  however,  are  not 
produced  all  at  one  and  the  same  time. 

Sympathetic  fibres  and  end-organs,  on  the  other  hand,  are  un- 
affected by  the  cholin  group.  They  are  not  paralysed  by  any  agent 
yet  known  to  us,  but  are  readily  stimulated  by  the  hormones  of  chromo- 
phile  glands,  i.e.  by  adrenalin  and  its  allies.  This  reaction  of  sym- 
pathetic fibres  to  adrenalin  is  intensified  by  certain  other  substances, 
such  as  cocaine,  thvroid  secretion  (as  in  patients  with  exophthalmic 
goitre,  in  whom  a  few  drops  of  adrenalin,  instilled  into  the  eye,  may 
produce  mydriasis  markedly  in  excess  of  the  normal),  pituitrin  (with  its 
special  actioa  on  the  intestinal  and  uterine  walls),  etc. 

The  emotions  of  fear  and  rage  are  found  to  liberate  an  excess  of 
adrenalin  into  the  blood-stream.    Thus  the  blood  of  a  caged  cat  which 
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has  been  terrified  by  the  barking  of  an  excited  dog  outside  the  bars  of 
the  cage,  shows  an  excessive  percentage  of  adrenalin.  This  excess  of 
adrenalin  liberates  sugar  from  the  liver-cells  into  the  blood  to  such  an 
extent  that  transient  glycosuria  may  supervene.  Sugar,  as  we  know, 
is  the  most  convenient  form  in  which  energy  can  be  rapidly  supplied 
to  exhausted  muscles.  In  this  way  adrenalin  lessens  muscular 
fatigue  for  the  time  being,  and  this  is  of  assistance  in  the  physical 
struggle  which  may  be  called  forth  by  the  emotion. 

It  will  bo  remembered  tliat  the  cells  of  the  sujjra-renal  medulla,  con- 
stituting the  so-called  para-ganglion  cells,  are  derived  from  the  same  source 
as  those  of  the  sympathetic  ganglia.  The  supra-renal  gland  is  thus,  in  a 
sense,  a  part  of  the  nervous  system,  and  its  para-ganglion  cells  secrete  the 
adrenalin  which  maintains  the  sympathetic  cells  in  their  normal  state  of 
activity. 

Morphine  has  a  special  action  in  depressing  the  sympathetic  nuclei 
situated  within  the  central  nervous  system,  so  that  the  autonomic 
system  becomes  imopposed,  and  as  a  consequence  we  have  myosis, 
bradycardia,  excessive  sweating,  etc. 

Vago-tonus  and  Sympathetico-tonus. — Individuals  may  be  classi- 
fied into  two  great  vegetative  types,  according  as  their  autonomic 
sensitiveness  prevails  over  their  sympathetic,  or  vice  versa.  The 
character  of  an  individual  may  thus  depend  largely  upon  his  reaction 
to  cholin  or  adrenalin,  or  upon  the  relative  abundance  with  which 
cholin  and  adrenalin  are  produced  in  his  organism. 

The  autonomic  or  vago-tonic  type  of  person  is  reserved  and  ' '  cold- 
blooded," with  slow  pulse,  contracted  pupils,  deep-set  eyes,  cool,  pale 
skin,  which  sweats  easily  and  sometimes  in  patches,  also  clammy  hands 
and  feet.  Vago-tonic  individuals  often  show  other  evidences  of 
excessive  vagal  activity  in  the  form  of  gastric  hyper-acidity,  brady- 
cardia, asthma,  mild  respiratory  arrhythmia,  and  sluggish  bowel  action, 
analogous  to  the  asthmatic  bronchial  spasm.  Sugar  tolerance  is  high,  so 
that  relatively  large  amounts  of  glucose  can  be  taken  without  inducing 
glycosuria.  The  blood  shows  a  tendency  to  eosinophil ia.  They  are 
also  hyper-sensitive  to  vagal  stimulation  by  vago-tropic  substances 
such  as  pilocarpin  (evidenced  by  bradycardia,  ready  sweating,  saliva- 
tion, nausea  or  vomiting,  intestinal  peristalsis,  etc.,  produced  by  this 
drug),  and  to  vagal  depression  by  atropin  (shown  by  acceleration  of  the 
pulse  and  slowing  of  intestinal  movements). 

The  symptoms  of  sea-sickness  are  often  vago-tonic  in  origin,  and 
may  then  be  obviated  by  atropin  hypodermically. 

Vago-tonia  may  be  a  family  stigma.  It  may  be  generalised  all 
through  the  body,  or  we  may  find  a  localised  vago-tonia,  limited  to  the 
cranial,  the  cervical,  or  the  sacral  division  of  the  autonomic  system. 
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Vago-tonic  women  sometimes  have  a  masculine  distribution  of  the 
pubic  hair,  which,  instead  of  being  bounded  above  by  a  horizontal  line, 
-extends  ui)wards  along  the  linea  alba  towards  the  umbilicus.  These 
women  have  small  manimarv  glands,  and  often  a  ring  of  hair  around  the 
nipples. 

The  syinpathetico-tonic  individual,  on  the  other  hand,  is  lively  and 
excitable,  wi^li  rapid  heart,  bright  eyes,  dilated  pupils,  rosy  colour, 
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Pia.  193. — Diagram  of  course  of  oculo-pupillary  fibres  of  cervical 
sympathetic. 

and  a  warm,  dry  skin.  Sympathetico-tonic  individuals  are  specially 
sensitive  to  adrenalin,  to  thyroid  secretion  and  to  pituitrin,  any  one  of 
which  exaggerates  all  their  characteristics. 

The  cervical  part  of  the  sympathetic  chain  has  very  special  "  oculo- 
])upillary  "  fibres,  which  are  of  considerable  clinical  importance.  These 
supply  the  dilator  pupillaj,  the  non-striated  pa^rt  of  the  levator  palpebrsp 
8uj)eriori8  and  the  orbital  muscle  of  Miiller — a  small  bundle  of  non- 
striated  muscle  which  lies  behind  the  globe  of  the  eye  and  bridges  across 
the  spheno-maxillary  fossa  at  the  back  of  the  orbit.  The  cervical  s^nnpa- 
thetic  also  supplies  secretor}'  fibres  to  the  submaxillary  gland,  and.  like 
the  sympathetic  elsewhere,  it  supplies   fibres   to  the  cutaneous  blood- 
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vessels,  also  (through  the  hypoglossal  nerve)  to  the  vessels  of  the  tongue, 
and,  lastly,  secretory  fibres  to  the  sweat-glands  of  the  head  and  neck. 

The  pu]Ml-dilating  fibres  have  a  peculiar  course,  which  it  is  important 
to  remember  (see  Fig.  193).  Arising  from  the  cortical  centre  in  the 
frontal  lobe,  traversing  the  brain-stem  to  the  pupil-dilating  centre  in 
the  medulla,  they  descend  in  the  lateral  column  of  the  spinal  cord  to  the 
cilio-spinal  centre  in  the  lower  cervical  region.  They  emerge  from  the 
cord  as  pre-ganglionic  fibres  through  the  anterior  roots  of  the  first  and 
second  thoracic  segments,  and  enter  the  inferior  cervical  ganglion  of  the 
cervical^sympathetic  by  white  rami  communicantes.    They  then  ascend 


Fig.  194. — Paralysis  of  cervical  synipathetic  on  the  right  side.     The  black 
line  encloses  an  area  of  anaesthesia,  due  to  division  of  cutaneous  nerves. 

as  post-ganglionic  fibres  in  the  cervical  synipathetic,  behind  the  carotid 
sheath  in  the  neck,  up  to  the  Gasserian  ganglion,  and  pass  thence  to  the 
orbit  (along  the  o])hthalmio  division  of  the  fifth  cranial  nerve),  and  vv'i 
the  long  ciliary  nerves  to  the  pui)il.  They  do  not  traverse  the  ciliary 
ganglion  (see  Fig.  61,  p.  126). 

It  is  evident  that  ocular  and  other  symptoms  may  be  produced 
not  only  by  lesions  of  the  ascending  fibres  of  the  cervical  sympathetic 
in  the  neck,  but  also  by  lesions  within  the  cord,  affecting  the  fibres 
in  their  downw^ard  course  from  the  medulla  (this  being  remarkably 
frequent  in  syringobulbia  and  in  unilateral  lesions  of  the  medulla),  or 
by  lesions  of  the  first  two  thoracic  jierves  or  of  their  anterior  roots,  or 
even  by  lesions  of  the  ophthalmic  division  of  the  fifth  cranial  nerve, 
though  this  last  is  rare. 

The  signs  of  paralysis  oJ  the  cervical  sympathetic  are  very  char- 
acteristic.    Fig.  lUl  tihows  a  woman  who  was  sent  to  hospital  with 
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the  history  that  six  years  previously  she  had  some  tuberculous  glands 
removed  from  the  right  side  of  her  neck.  When  she  recovered  from 
the  anajsthetic,  she  learned  that  the  jugular  vein  had  been  damaged 
during  the  operation.  But  other  structures  had  also  been  injured, 
and  amongst  them  was  the  cervical  sympathetic  (which  lies  behind 
the  carotid  sheath),  because  afterwards  she  noticed  that  the  right 
eyelid  drooped  a  little,  that  the  right  side  of  the  face  flushed  less  than 
the  left,  and  that  when  she  chewed,  a  small  patch  of  excessive  perspira- 
tion appeared  below  the  right 
eye.  We  observe  from  the  photo- 
graph that  the  right  puj)il  is 
smaller  than  the  left,  from  para- 
lysis of  the  dilator  pupillaj. 
Moreover,  the  affected  ])upil  does 
not  dilate  when  shaded,  yet  it 
contracts  briskly  to  light  and  on 
convergence,  since  the  third 
cranial  nerve,  which  through  the 
ciliary  ganglion  innervates  the 
sphincter  pupilla?,  is  unaffected. 
Further,  wc  notice  that  the  upper 
lid  droops,  making  the  palpebral 
fissure  narrower  than  on  the 
healthy  side.  This  is  due  to 
paralysis  of  the  non-striated  pr.rt 
(tarsalis  superior)  of  the  levator 
palpebrae,  which  is  inserted  into 
the  upper  edge  of  the  tarsal  car- 
tilage. The  voluntary,  striated 
fibres  of  the  levator,  inserted  into  the  skin  of  the  upper  lid  and  supplied 
by  the  oculo-motor  nerve,  are  unaffected,  and  the  patient  is  therefore 
able  to  elevate  the  lid  voluntarily  to  its  full  extent.  This,  therefore, 
is  jiot  a  true  ptosis,  but  a  "  pseudo-ptosis." 

We  also  notice  that  the  right  eye  has  sunk  into  the  orbit,  owing 
to  paralysis  of  the  non-striated  orbitalis  muscle  of  Miiller,  which 
normally  keeps  the  globe  pressed  forwards.  This  ' '  enophthalmos 
narrows  the  palpebral  fissure  still  more.  The  difference  in  antero- 
})ost6rior  projection  between  the  two  eyes  is  seen  best  if  we  make  the 
})ijtient  lie  down:  we  then  stand  behind  and  look  down  at  the  forehead 
and  eyeballs  from  above. 

On  palpating  the  two  globes,  we  find  that  the  intra-ocular  tension 
is  diminished  on  the  affected  side. 

Such  are  the  "  oculo-pupillary  "  symptoms  of  cervical  sympathetic 


I'iG.  195. — Paralysis  ,A  the  K'fl  ci'ivical 
sympathetic  from  a  tumour  at  the 
root  of  the  neck. 
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paralysis.  There  are,  however,  one  or  two  additional  points.  When 
the  cervical  sympathetic  is  paralysed,  it  no  longer  responds  to  stimu- 
lation. Th'?re  are  two  clinical  ways  of  stimulating  it.  One  is  by 
pinching  or  pricking  the  side  of  the  neck,  when  we  produce  a  dilatation 
of  the  pupil  on  the  same  side;  this  "  cilio-s])inal  reflex  "  is  abolished  in 
cervical  sympathetic  palsy.  Another  method  of  stimulating  the 
cervical  sympathetic  is  to  drop  into  the  conjunctiva  a  few  minims  of 
a  5  to  10  per  cent,  solution  of  cocaine.  The  result  is  that  the  pupil 
dilates,  the  upper  lid  retracts,  and  the  eyeball  is  pushed  slightly  for- 
wards. All  these  phenomena  were  absent  in  the  patient  just  referred 
to.    She  also  told  us  that  when  her  face  flushes,  it  does  so  only  on  the 


l''u!.   lUO. — Hadiograin,  sliowing  tuniuur  at  apex  of  loft  lung, 
in  patient  represented  in  Fig.  195. 


healthy  side.  Moreover,  her  face  on  the  affected  side  no  longer  sweats 
except  in  one  little  patch  below  the  orbit,  where  it  sometimes  sweats 
spontaneously  when  she  chews.  To  verify  this  point  we  made  her  sweat 
profusely  by  means  of  pilocarpin,  and  found  that  the  right  side  of  the 
face  remained  dry,  except  in  a  small  area  below  the  inner  canthus  of  the 
eye.  This  survival  of  a  little  oasis  of  sweating  on  the  dry  side  might 
perhaps  mean  that  a  small  twig  of  the  sympathetic  had  escaped  injury, 
or  more  probably  that  sweat  fibres  to  that  part  of  the  face  are  supplied 
through  cranial  autonomic  fibres. 

So  much  for  lesions  of  the  cervical  sympathetic  chain  itself.  But 
the  oculo-pupillary  and  other  fibres  may  also  be  damaged  at  some 
point  between  the  spinal  cord  and  the  inferior  cervical  ganglion. 

Fig.  195  represents  a  boy  of  seventeen  who  had  felt  a  tingling  sensa- 
tion down  his  left  arm  for  several  months.  A  few  weeks  before  he  came 
under  observation,  he  noticed  that  a  swelling  had  appeared  in  the  lower 
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part  of  the  neck  on  the  same  side.  At  a  glance  we  see  that  the  cervical 
sympathetic  is  affected.  There  are  pseudo-ptosis,  niyosis,  and  cnoph- 
thalmos.  The  left  cheek  is  a  little  fuller  than  the  right.  The  cilio-spinal 
reflex  was  absent  on  the  left  side.  On  examining  the  root  of  the  neck, 
we  found  that  the  left  clavicle  was  bulged  forwards  at  its  inner  end,  the 
supra-clavicular  fossa  being  filled  up.  Further,  there  was  percussion- 
dulness  all  over  the  apex  of  the  left  lung,  with  diminution  of  breath  sounds 
and  of  vocal  resonance.  There  was  also  a  strip  of  diminished  sensation  to 
touch  and  pain  along  the  inner  side  of  the  left  upper  limb,  reaching  to  the 
wrist  and  corresponding  to  the  cutaneous  areas  of  the  first  and  second 

thoracic  roots.  Moreover,  there  was  slight 
wasting  of  the  hypothenar  muscles  of  the 
left  hand,  supplied  by  the  first  thoracic  root. 
The  skin  of  the  left  hand  was  dry,  whilst  that 
of  the  right  was  moist,  and  the  patient  him- 
self noticed  that  in  hot  weather  only  the 
right  side  of  his  face  sweated.  On  comparing 
corresponding  arteries  of  both  sides  we  found 
that  the  pulse  in  the  left  upper  limb  was 
smaller  than  in  the  right.  All  this  pointed 
to  the  presence  of  a  solid  mass  behind  the 
left  clavicle,  compressing  the  subclavian 
artery,  affecting  the  first  and  second  thoracic 
nerves,  including  not  only  their  sensory  and 
motor  fibres,  but  also  the  cervical  sym- 
])athetic  fibres.  This  diagnosis  was  confirmed 
i)y  radiography,  which  showed  clearly  (Fig. 
196)  a  tumour  at  the  apex  of  the  left  lung. 
This  tumour  grew  rapidly,  compressed  the 
subclavian  vein,  producing  a^dema  of  the 
left  upper  limb,  and  within  six  months  the 
])atient  died. 

Fig.  197  is  that  of  a  seaman  on  an  Atlantic 
liner  who  was  thrown  against  an  iron  rail  by 
a  heavy  sea,  rupturing  the  whole  of  the 
brachial  plexus  on  the  right  side.  He  was 
unconscious  for  a  number  of  days,  and  during 
this  period  he  was  trephined  over  the  left 


Vio.  197. — Rupdirc  (if  brachial 
plexus  on  right  side.     Total 


anaesthesia    of    rigi^t    upper    Rolandicarea,  on~the'supposit"ion*that  the 

paralysis  of  the  arm  was  of  cerebral  origin. 


limb  below  black  line. 


In  addition  to  complete  motor  sind  sensory  paralysis  of  the  upper  limb, 
obviously  of  lower  motor  neurone  type,  resulting  from  the  brachial  plexus 
palsy,  he  showed  very  beautifully' the  ociUo-pupillary  signs  of  cervical 
sympathetic  paralysis  on  the  right  side— enophthalmos,  myosis  and  pseudo- 
ptosis (see  Fig.  198).  In  this  patient,  however,  the  pupil  still  dilated  to 
cocaine,  probably  because  some  pupil-dilating  fibres,  entering  the  cervical 
sympathetic  from  the  second  thoracic  root,  had  escaped  injury. 

Figs.  199  and  199a  are  those  of  a  soldier  who  came  under  my 
observation  during  tlie  Soutli  African  war  in  1901.  He  had  been 
wounded  in  tlie  neck  by  u  Mauser  bullet.  At  the  time  of  his  injury 
he  was  lying  on  his  face,  firing  at  the  enemy.  The  bullet  entered  his 
neck  an  inch  and  a  half  below  the  left  mastoid  process,  crossed  the 
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middle  line  in  front  of  the  vertebral  column,  and  came  out  through 
the  seventh  right  interspace  in  the  posterior  axillar}-  line,  lodging  in 
his  bandolier.  He  immediately  felt  a  sensation  •'  like  an  electric 
shock  "  all  over  his  body,  but  especially  in  the  right  upper  extremity, 
which  became  at  once  totally  paralysed.  He  had  haemoptysis  owing 
to  perforation  of  the  lung,  and  for  a  few  days  some  difficulty  of  swal- 
lowing, probably  due  to  injury  of  the  oesophagus.  In  about  three 
weeks  the  ha'inoptysis  gradually  ceased,  and  the  right  upper  limb 
recovered  power,  so  that  when  I  first  saw  him,  two  and  a  half  months 


Fig.  lys. — Paralysis  of  right  cervical  sympathetic  from  rupture  of 
brachial  plexus. 

after  the  injury,  he  was  able  to  move  it  freely  at  all  joints.  Ever  since 
the  accident  he  had  noticed  that  he  did  not  s\^eat  on  the  right  side 
of  the  face  and  neck,  nor  in  the  right  upper  limb. 

The  photographs  show  that  the  patient  has  an  area  of  slight 
analgesia  (bounded  by  the  thick  black  line)  along  the  inner  border 
of  the  right  upper  limb,  corresponding  to  the  areas  supplied  by  the 
eighth  cervical,  first  thoracic,  and  second  thoracic  nerve-roots.  He 
also  has  slight  weakness  of  the  small  muscles  of  the  thumb,  innervated 
by  the  first  thoracic  root.  We  also  observe  that  the  right  cervical 
sympathetic  is  paralysed,  so  that  he  has  contraction  of  the  pupil, 
onophthalmos,  and  pseudo-ptosis  on  that  side. 

But  there  is  a  point  of  special  interest  in  this  ]>atient's  photo- 
graphs. They  demonstrate  a  point  which,  so  far  as  I  know,  had  not 
previously  been  mapped  out  in  the  human  subject,  viz.  the  extent 
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of  skin  supplied  with  sweat-fibres  by  the  cervical  sympathetic.  In  the 
tropical  heat  to  which  we  were  ex  >03ed,  this  patient  sweated  profusely, 
except  in  an  area  on  the  right  side  of  the  head,  neck,  U2)per  limb,  and 
upper  part  of  the  trunk.  That  area  remained  dry,  and  the  boundary 
between  sweating  and  non-sweating  skin  was  sharp  and  distinct.  In 
order  to  show  this  in  a  photograph,  the  happy  thought  occurred  to 
blow  powdered  charcoal  on  the  skin.  This  stuck  on  the  sweating 
side,  and  was  blown  off  on  the  dry  side.   We  were  then  able  to  photo- 


Fro.  199. 


Fro.  199A. 


Fl03.  15) J  AND  UJa. — Paralysis  of  the  right  cervical  sympathetic,  from  a 
bullet-wound  of  the  lower  roots  of  the  brachial  plexus.  The  area 
of  the  right  upper  limb  within  the  black  line  is  anaesthetic.  The  crosses 
on  the  trunk  indicate  the  boundary  of  an  area  of  anidrosis. 

graph  the  non-sweating  area,  to  which  the  cervical  sympathetic  should 
have  been  distributed.  As  may  be  seen  from  the  pictures  (Figs.  199 
to  200),  the  boundary  of  this  area,  marked  by  crosses,  runs  down  the 
middle  line  of  the  head  and  neck,  and  turns  horizontally  across  the 
chest  at  the  level  of  the  third  rib  in  front  and  of  the  spine  of  the  scapula 
behind,  including  the  whole  of  the  upper  limb. 

Before  leaving  the  subject  of  cervical  sympathetic  palsy,  it  should 
be  mentioned  that  excision  of  the  cervical  sympathetic  has  been  employed 
therapeutically  in  certain  diseases.  Thus  in  cases  of  glaucoma, 
ophthalmic  surgeons  have  recommended  this  operation  to  diminish  the 
iutra-ocular  tension,  and  a  certain  amount  of  benefit  has  resulted. 
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Bilateral  excision  of  the  cervical  sympathetic  has  also  been  tried  for 
the  relief  of  epilepsy,  in  the  hope  of  paralysing  the  vasomotor  nerves 
to  the  cerebrum  and  thereby  rendering  the  brain  hyperaemic,  especially 
in  cases  in  which  fits  were  ushered  in  by  blanching  of  the  face.  But  the 
results  recorded  have  not  been  sufl&ciently  good  to  warrant  us  in  recom- 
mending this  procedure. 

Let  us  now  consider  briefly  the  reverse  condition,  viz.  irritation 
or  stimulation  of  the  cervical  sympathetic.  The  signs  are  exactly  the 
opposite  of  those  prrduced  by  paralysis.     We  therefore  have  dilatation 


!•  Hi.  20<). — Paraiysis  of  tlicrightcervical 
sympathetic,  showing  oculo-pupillary 
plienomeua  and  area  of  anidrosis. 


Fig 


201. — Stimulation  of  the  iij;l.t 
cervical  sympathetic. 


of  the  pupil,  exophthalmos  or  forwartl  projection  of  the  eyeball,  widen- 
ing of  the  palpebral  aperture  (Stellwag's  sign),  and  delayed  descent  of 
the  upper  lid  when  the  patient  looks  downwards  (von  Graefe's  sign). 
All  these  phenomena  can  be  produced,  to  a  certain  degree,  by  dropping 
into  a  healthy  eye  a  solution  of  cocaine,  which  stimulates  the  cervical 
sympathetic. 

Fig,  201  is  that  of  a  man  who  had  lymphadenomatous  enlargement 
of  the  lymphatic  glands.  During  his  stay  in  hospital,  we  noticed  that 
quite  rapidly,  within  a  day  or  two,  he  developed  on  the  right  side 
exophthalmos,  widening  of  the  palpebral  fissure,  and  some  dilatation  of 
the  pupil.  There  was  also  in  hospital  at  the  same  time  a  soldier  who  had 
similar  Signs  in  one  eye  due  to  an  aneurism  at  the  root  of  the  neck, 
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pressing  oji  and  irritatijig  the  cervical  sympathetic.  If  such  pressure 
continues,  the  signs  of  stinuilation  may  pass  off  and  be  replaced  by 
those  of  paralysis.  Our  lympliadenomatous  patient,  however,  died 
nine  weeks  after  the  appearance  of  stimulation  phenomena,  without 
any  change  in  the  direction  of  paralysis. 

Certain  cases  of  apical  phthisis  and  apical  pneumonia  are  accom- 
panied by  inequality  of  the  pupils,  probably  due  to  irritation  of  the 
cervical  sympathetic  by  changes  in  the  pleura. 


Fig.  202.  i'la.  202a. 

Exophthalmic  goitre,  the  ocular  symptoms  being  more  marked  on  the  right 
side.  Fig.  202a  shows  von  Graefe's  sign  in  the  right  eye  on  looking  down- 
wards. 

Many  of  the  signs  of  exophthalmic  goitre  are  sympathetico-tonic, 
resulting  from  excessive  or  perverted  thyroid  secretion.  The  disease 
is  ten  times  more  frequent  in  women  than  in  men.  Sometimes  it  comes 
on  slowly ;  in  other  cases  its  symptoms  develop  rapidly  after  some 
emotional  shock,  such  as  fear  or  grief.  Figs.  202  and  202a  are  from 
a  case  of  exophthalmic  goitre  in  which  the  symptoms  are  prepon- 
dcratingly  right-sided.  The  tachycardia  of  this  disease  is  probably  due 
to  stinuilation  of  sympathetic  cardio-accelerator  fibres.  The  thyroid 
enlargement  may  be  in  part  the  result  of  vasomotor  paralysis  of  the 
cervical  vessels,  including  those  of  the  thyroid  gland  itself.  The  excess 
of  lymphocytes  and  of  eosiuophilos  in  the  blood,  together  with  the 
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diminution  of  polymorphs,  is  probably  also  a  result  of  the  disordered 
thyroid  secretion,  which  induces  these  blood-changes  indirectly,  by 
producing  hyperplasia  and  hyper-activity  of  the  thymus  and  of  the 
lymphatic  glands. 

But  though  affections  of  the  cervical  sympathetic  are  the  most 
readily  recognised,  we  must  not  forget  that  the  thoracic  and  abdominal 
portions  of  the  sympathetic  may  also  be  diseased,  although  the  symptoms 
thereby  produced,  being  mainly  visceral,  are  less  easy  of  diagnosis. 
Thus  some  cases  of  angina  pectoris  may  be  the  result  of  irritation  of 
aortic  fibres  from  the  cardiac  plexus,  while  the  peculiar  reflex  vaso- 
constriction of  the  pulmonary  vessels,  with  transient  dilatation  and 
irregularity  of  the  right  heart,  met  with  in  certain  gastric  and  hepatic 
disorders,  has  been  regarded  as  an  affection  of  the  thoracic  part  of  the 
sympathetic. 

Affections  of  the  abdominal  vegetative  system  produce  still  more 
striking  clinical  phenomena.  An  important  group  of  nervaus  dys'pefsias 
is  associated  with  excessive  vago-tonus,  notably  cases  with  hyper- 
acidity, pyloric  spasm,  and  excessive  gastric  contraction  evidenced 
by  loud  peristaltic  rumbling  noises.  In  such  cases  (as  also  in  lead 
poisoning)  treatment  by  atropin  often  has  a  markedly  beneficial  effect. 
The  rare  condition  knowTi  as  acute  dilatation  of  the  stomach,  and  many 
of  the  symptoms  of  acute  peritonitis,  such  as  the  intestinal  paralysis, 
meteorism,  small  pulse,  and  general  collapse,  may  be  the  result  of  acute 
paralysis  of  the  autonomic  fibres  of  the  solar  plexus — the  "  abdominal 
brain";  while  irritation  of  the  solar  plexus,  and  especially  of  its 
autonomic  fibres,  is  exemplified  in  cases  of  lead  colic,  with  its  pain, 
constipation,  and  increased  arterial  tension.  The  various  visceral 
"  crises  "  of  tabes — gastric,  intestinal,  renal,  etc. — are  probably  due  to 
irritative  changes  in  various  parts  of  the  autonomic  system.  To  the 
same  cause  also  may  be  attributed  the  intestinal  symptoms  of  ex- 
ophthalmic goitre,  consisting  not  in  ordinary  diarrhoea  with  loose 
motions,  but  rather  in  an  abnormal  frequency  of  defaecation.  Spastic 
constipation,  with  its  hard  dry  stools,  and  also  muco-membranous 
colitis,  with  its  paroxysms  of  increased  peristalsis,  accompanied  by  an 
excessive  secretion  of  intestinal  mucus,  are  probably  both  evidences 
of  vago-tonus,  and  are  often  relieved  by  atropin.  The  apparent  contra- 
diction in  ascribing  constipation  and  diarrhoea  to  the  same  cause  is 
explicable  by  the  fact  that  in  the  one  condition  the  circular  muscle- 
fibres  of  the  intestine  are  affected,  producing  constipation,  whilst  in 
the  other  the  longitudinal  fibres  are  affected,  permitting  diarrhoea. 
To  solar  or  splanchnic  disease  may  also,  perhaps,  be  attributed  such 
affections  as  orthostatic  albuminuria  and  certain  forms  of  glycosuria, 
and  diabetes  insipidus. 
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Acute  vascular  and  degenerative  changes  can  sometimes  be 
demonstrated  in  the  suprarenal  bodies,  e.g.  in  the  algid  type  of  malig- 
nant malaria  and  in  fulminating  meningococcal  meningitis.^  Such 
cases,  clinically,  show  the  symptoms  of  profound  collapse  with  low 
blood-pressiure,  and  call  for  the  prompt  administration  of  adrenalin 
intravenously,  in  addition  to  the  other  measures  employed. 

In  addition  to  visceral  disorders,  disease  of  the  abdominal  sym- 
pathetic is  also  associated  with  certain  pigmentary  changes  in  the  skin. 
Of  these,  the  most  striking  examples  are  furnished  by  the  cutaneous 
pigmentation  which  is  occasionally  present  in  exophthalmic  goitre 
and,  still  more,  by  Addison's  disease,  with  its  characteristic  bronzbig 
of  the  skin,  its  asthenia,  its  extraordinarily  low  blood-pressure,  and 
its  paroxysmal  diarrhoea.  The  symptoms  of  Addison's  disease  are 
probably  the  result  of  two  factors — irritation  of  the  abdominal  sym- 
pathetic and  inadequacy  of  suprarenal  secretion,  the  proportional  role 
played  by  each  of  these  varying  in  different  cases. 

Angio-Neuroses. — These  comprise  a  group  of  diseases  which  de- 
pend on  disorders  of  the  vegetative  fibres  regulatijig  the  heart  and 
blood-vessels. 

Amongst  the  conmionest  of  these  affections  are  the  curious 
paroxysms  to  which  Gowers  has  given  the  name  of  vaso-vagal  attacks. 
These  appear  to  be  due  to  disorder  of  that  part  of  the  cranial  autonomic 
system  which  comprises  the  vagal  distribution  to  the  heart,  lungs,  and 
other  organs.  The  attack  generally  begins  with  an  epigastric  aura, 
quickly  followed  by  violent,  irregular,  and  rapid  beating  of  the  heart 
(transient  auricular  fibrillation),  together  with  a  sense  of  suffocative 
dyspnoea  and  sometimes  a  feeling  of  impending  death.  Meanwhile 
the  limbs  become  very  cold,  followed  either  by  burning  flushes  or 
clanmiy  sweat,  and  by  a  distressing  tension  of  the  muscles.  The 
paroxysms,  varying  in  duration  from  a  few  niinutes  to  several  hoius, 
recur  at  irregular  intervals.  They  are  specially  common  in  women 
at  the  menopause.  They  can  often  be  alleviated  by  small  doses  of 
nitro-glycerine. 

A  considerable  amount  of  evidence^  points  to  the  conclusion  that 
the  paroxysmal  unconsciousness  of  epilepsy  is  associated  with  sudden 
cerebral  anaemia  and  that  the  tonic  stage  of  a  major  epileptic  fit  is 
accompanied  by  cortical  anaemia,  whilst  the  clonic  stage  is  associated 
with  return  of  arterial  circulation.  It  is  imcertain  what  proportion  of 
these  phenomena  is  due  to  sudden  stoppage  of  the  heart  (we  may 
sometimes  feel  the  patient's  pulse  stop  at  the  onset  of  a  fit)  and  how 
much  to  vasomotor  spasm  of  cortical  vessels. 

1  Maolagan  and  Cook,  R.A.M.C.  .Journal,  August,  U»17,  p.  228. 
*  A.  E.  Russell,  Lancet,  April  3,  10,  and  17,  1909. 
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The  paroxysmal  expiratory  dyspnoea  of  asthma,  with  its  slow 
and  laboured  breathing,  is  doubtless  due  to  excessive  vago-tonus.  The 
phenomena  may  either  be  the  immediate  result  of  a  sudden  vascular 
engorgement  of  the  bronchial  mucous  membrane,  or  may  be  produced, 
according  to  another  view,  by  spasm  of  the  non-striat«d  bronchial 
muscles,  innervated  by  autonomic  fibres  in  the  vagus.  Asthma  is 
often  relieved  by  atropin  or  by  adrenalin,  both  of  which  drugs  depress 
the  vagus.  In  any  case,  the  paroxysmal  nature  of  the  afTection,  its 
apparent  toxic  origin  in  some  cases,  its  connection  in  other  cases  with 
nasal  or  other  reflex  sources  of  irritation,  its  frequent  association  with 
the  gouty  diathesis — all  indicate  a  functional  affection  and  not  an 
organic  lesion  of  the  autonomic  nervous  mechanism. 

Most  angio-neuroses,  however,  affect  the  blood-vessels  of  the  more 
superficial  parts  of  the  body,  such  as  those  of  the  skin  or  of  the  muscles. 
Amongst  the  cutaneous  angio-neuroses,  perhaps  the  commonest  is  the 
syndrome  known  as  angio-spastic  gangrene,  or  Raynaud's  disease. 
The  mildest  degree  of  this  is  local  pallor  {"  local  syncope  "  or  "  dead 
finger"),  where  the  affected  parts,  usually  the  fingers,  less  frequently 
the  toes,  the  edges  of  the  ears,  or  the  tip  of  the  nose,  suddenly  become 
cold  to  the  touch  and  of  a  waxy  white  colour.  Together  with  this, 
the  patient  feels  a  tingling  or  other  peculiar  sensation  (acro-paraes- 
thesia).  Actual  blunting  of  sensation  to  touch  may  be  present.  One 
or  both  hands  may  be  affected,  sometimes  identical  fingers  in  both 
hands;  the  thumb  is  less  often  affected  than  the  other  digits.  The 
attacks  last  from  a  few  minutes  to  several  hours  and  are  commonest 
in  winter.  They  are  often  brought  on  by  washing  the  hands  in  cold 
water,  or  by  fine  digital  movements  such  as  sewing  or  piano-playing. 
As  the  attack  passes  off,  the  patient  feels  a  sensation  of  tingling  or  even 
of  pain.  A  more  severe  variety  is  that  of  local  asphyxia  or  cyanosis, 
in  which  the  affected  digits  suddenly  become  discoloured,  varying  in 
tint  from  a  dusky  blue  or  slate-colour  to  an  intense  purplish-black. 
Pressure  on  the  discoloured  area  causes  a  white  mark  which  persists 
for  several  seconds,  before  the  lividity  slowly  reappears.  The  pain 
is  usually  more  intense  than  in  local  syncope.  As  the  attack  passes 
off,  the  affected  part  often  sweats  freely.  But  the  most  severe  variety 
of  Raynaud's  disease  is  symmetrical  gangrene^  which  is  usually  preceded 
by  local  asphyxia  and  sometimes  by  local  syncope.  As  a  rule,  the 
gangrenous  process  is  confined  to  a  small  part  of  the  cyanosed  area. 
In  its  mildest  form  the  necrosis  is  limited  to  the  epitheliimi,  so  that  only 
desquamation  results;  more  often  a  small  blister  forms,  with  blood- 
stained contents.  This  bursts,  leaving  an  ulcer  which  subsequently 
cicatrises.  The  nails  may  be  lost  and  subsequently  reproduced.  Or 
the  necrosis  may  externd  deep  into  the  tissues,  forming  a  dark  slough. 
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Whole  phalange*  may  undergo  dry  mummification  and  be  cast  off, 
leaving  a  conical  stump.  The  bones  as  a  rule  e8cai)e  necrosis.  Pain  is 
usually  severe  during  the  initial  cyanosis. 

The  symptoms  of  Raynaud's  disease  are  due  to  local  spasm  of  the 
vessels,  their  sudden  onset  and  disaj  per  ranee  being  incompatible  with 
any  other  hypothesis.  The  coexistent  sensory  symptoms  are  probably 
due  to  imperfect  blood-supply.  A  paroxysm  of  local  syncope  or 
cyanosis  can  usually  be  relieved,  as  Gushing  has  pointed  cut,  Ly 
applying  a  tight  flat  rubber  tourniquet  around  the  limb  above,  so  as  to 
occlude  all  the  vessels,  both  arteries  and  veins,  and  leaving  it  on  for 
several  minutes.  When  the  tourniquet  is  taken  off,  there  is  a  tem- 
porary vasomotor  paralysis,  the  whole  limb  flushes  to  the  finger- 
tips, and  a  wave  of  redness  wipes  out  the  local  pallor  or  cyanosis. 
In  rare  cases  paroxysmal  impairment  of  vision  has  been  noted,  and 
during  such  attacks  the  retinal  arteries  on  ophthalmoscopic  examina- 
tion have  been  seen  to  be  spasmodically  contracted.  In  paroxysmal 
hsemoglobinuria,  Raynaud's  syndrome  is  constantly  present,  to  a 
greater  or  less  degree. 

In  striking  contrast  with  Raynaud's  disease  is  the  condition  known 
as  erythromelalgia  (see  Plate  III.),  which  usually  attacks  one  or  other 
foot.  There  is  pain  of  a  burning  or  stabbing  character,  often  of  ex- 
cruciating severity,  occurring  in  paroxysms,  lasting  from  a  few  minutes 
to  several  hours.  This  pain  is  always  aggravated  by  dependent  pos- 
ture of  the  limb,  by  voluntary  movement,  or  by  warmth,  whereas  it 
is  diminished  by  a  horizontal  or  elevated  posture,  by  rest,  and  by  cold 
applications.  The  earliest  attacks  consist  simply  of  pain.  As  the 
disease  progresses,  however,  redness  and  swelling  of  the  foot  are 
superadded;  more  rarely,  redness  precedes  pain.  The  redness  is  of  a 
bright  tint,  often  confined,  for  instance,  to  the  ball  of  the  big  toe  or  to 
sniall  areas  of  the  sole  or  edge  of  the  foot.  Sometimes  it  is  diffused 
over  the  foot.  The  redness  increases  in  intensity,  and  if  the  limb  be 
allowed  to  hang  down,  the  "  vascular  storm  "  continues,  with  bounding 
arteries,  local  rise  of  temperature,  and  intense  cutaneous  hyjierses- 
thesia.  As  the  attack  subsides  the  redness  is  replaced  by  cyanosis. 
In  one  case  which  I  observed,  desquamation  of  the  affected  area 
occurred  after  each  paroxysm. 

But  there  are  other  cases  in  which  the  vasomotor  symptoms  are 
intermediate  in  type  between  the  two  extremes  of  Raynaud's  disease 
and  erythromelalgia.  These  two  diseases  may  coexist,  or  may  succeed 
each  other  in  the  same  patient.  Erythromelalgia  is  sometimes  one  of  the 
earliest  signs  of  organic  cord  disease,  such  as  disseminated  sclerosis, 
and  this  points  to  its  origin  from  an  affection  of  the  spinal  vasomotor 
centres,  probably  in  the  "  intermedio-lateral  "  group  of  smaller  nerve- 


PLATE  III. 

Case  of  Erythromelalgia  in  a  man  aged  52.  The  condition  affected 
both  lower  limbs. 

The  upper  drawing  shows  the  appearance  of  one  foot  during  a  paroxysm 
when  the  limb  is  supported  in  a  horizontal  position.  The  sole  of  the 
foot  is  of  a  bright  pink  colour,  this  colour  also  extending  on  to  the 
dorsum  of  the  terminal  phalanx  of  each  toe. 

The  lower  drawing  shows  the  effect  of  allowing  the  other  foot  to  hang 
dependent  for  a  few  minutes.  There  is  extreme  cyanosis  extending  as 
high  as  the  ankle.  There  was  also  severe  pain,  partially  relieved  by  re- 
assuming  the  horizontal  posture  of  the  limb. 

To  Jaee  pagt  352. 
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cells  (nucleus  sympatheticus  lateralis)  between  the  anterior  andpoiterior 
horns. 

In  cases  of  recent  total  transverse  lesion  of  the  spinal  cord, the  lower 
limbs  are  usually  abnormally  warm,  the  temperature  rising  in  a 
paradoxical  fashion,  as  we  approach  the  feet.  This  is  due  to  vaso- 
motor paralysis. 


Fig.  203. — Family  gangrene  in  three  brothers,  affecting  tlie  feet. 

A  few  rare  cases  have  also  been  observed  oi  family  gangrene^  some- 
what resembling  Raynaud's  disease. 

Fig.  203  represents  three  brothers,  aged,  five,  four  and  three  years 
respectively,  in  all  of  whom,  one  winter,  areas  of  local  necrosis  appeared 
in  the  feet.  The  eldest  child  had  necrosis  of  the  skin  of  both  heels,  followed 
by  similar  areas  on  the  dorsum  of  the  right  foot  and  on  the  fourth  left  toe. 
The  second  child  had  cyanosis  and  some  necrosis  of  the  dorsal  surfaces  of 
both  feet,  whilst  the  youngest  had  severe  necrosis  of  the  hallux,  fourth  and 
fifth  toes  on  the  right  side,  and  a. smaller  area  of  necrosis  on  the  plantar 
surface  of  the  left  hallux. 

It  is  possible  that  the  paroxysms  of  family  periodic  ■paralysis  (see 
p.  249)  may  be  the  result  of  a  recurring  vasomotor  spasm  of  the  anterior 

23 


354  NERVOUS  DISEASES 

hpinal  artery,  which,  as  we  have  seen,  supplies  the  anterior  cornua  of 
the  spinal  cord. 

Another  paroxysmal  disease  of  angio-neurotic  origin  is  intermittent 
arterial  claudication,  the  symptoms  of  which  we  have  already  described 
(p.  241).  Here  the  arteries  not  of  the  skin  but  of  the  deep  structures 
are  in  a  state  of  temporary  spasm. 

Amongst  soldiers  defending  trenches  in  the  winter  season,  e.g.  in 
the  1914-15  campaign  in  Flanders — there  occur  numerous  cases  of 
trench-loot.  Very  few  of  the  cases,  however,  are  due  to  actual  frost. 
Tnie  frost-bite,  which  is  usually  the  result  of  intense  dry  cold,  is  charac- 
terised by  sudden,  massive  tissue-death  of  the  tip  of  an  extremity, 
whereas  trench-foot  has  a  progressive  invasion  of  the  tissues,  and  when 
it  shows  gangrene  does  so  in  circumscribed  patches.  The  factors  pro- 
ducing trench-foot  are  prolonged  exposure  of  the  feet  to  cold  mud 
and  thawing  snow,  want  of  exercise  of  the  leg  muscles,  together  with 
prolonged  constriction  by  tight  putties  and  boots  which  undergo 
shrinkage  when  soaked.  The  signs  are  primarily  vascular  in  origin, 
to  which  may  be  superadded  the  sensory  phenomena  of  a  peripheral 
neuritis.  The  toes  become  cold  and  pale,  in  some  cases  cyanosed  and 
in  rarer  cases  gangrenous.  There  is  slight  impairment  of  cutaneous 
sensation  in  the  toes,  with  considerable  i)ain  and  tingling.  At  the 
outset  the  peripheral  arteries  of  the  feet  are  tightly  contracted,  and 
there  is  a  local  rise  of  blood-pressure  in  the  legs,  which  can  be  measured 
with  a  manometer.  The  vascular  spasm  produces  local  ischsemia,  with 
numbness  and  pain.  When  the  surrounding  atmospheric  temperature 
rises,  the  vessel- walls  now  become  relaxed  and  even  paralysed,  so  that 
vascular  dilatation  occurs,  with  exudation  of  serum  into  the  tissues 
through  the  damaged  capillary  walls.  Thus  oedema  of  the  feet  may 
supervene,  and  in  severe  cases  is  associated  with  excoriation  and 
secondary  infection  of  the  skin.  This  oedema  may  extend  up  to  the 
knees.  As  the  circulation  begins  to  return,  the  pain  becomes  aggravated, 
and  even  after  the  circulatory  phenomena  have  apparently  recovered, 
pain  may  persist,  with  characteristic  signs  of  peripheral  neuritis. 
This  is  shown  by  the  combination  of  impaiiment  of  sensation  to  light 
touches  together  with  intense  hyperaesthesia  on  pressure,  so  that  for 
weeks  the  patient  may  be  unable  to  stand  or  walk,  owing  to  pain  in  the 
soles  of  the  feet,  especially  in  their  anterior  parts  (see  Fig.  151,  p.  284). 

Acute  angio-neurotic  oedema,  or  Quincke's  disease,  is  undoubtedly 
a  vaso- neurosis.  It  is  characterised  by  paroxysmal  attacks  of  sharply 
localised,  hard  oodema  in  the  cellular  tissue  of  various  parts  of  the  face, 
trunk  or  limbs.  After  lasting  a  few  hours  or  days,  the  swelling,  which 
is  remarkably  firm  and  does  not  readily  pit  on  pressure,  passes  oS 
spontaneously.    It  may  also  attack  mucous  membranes,  for  example, 
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those  of  the  respiratory  or  gastro-iutestinal  tract.  A  gastric  attack 
may  cause  urgent  vomiting,  an  intestinal  attack  meteorism,  colic,  and 
bloody  diarrhoea,  and  if  the  patient  happens  to  have  an  attack  in  the 
larynx,  death  may  result  from  asphyxia.  In  the  skin,  the  parts  most 
often  attacked  are  the  lips,  cheeks  and  eyelids.  The  disease  sometimes 
runs  in  families. 

In  recent  hemiplegia  we  frequently  notice  that  the  skin  on  the 
paralysed  side  of  the  body  is  warmer  than  on  the  normal  side,  the 
difference  in  temperature  between  the  two  axillae  being  as  much  as 
1°  F.  or  more. 

In  chronic  hemiplegia  it  is  not  uncommon  to  find  oedema  of  the  hand 
or  foot  on  the  paralysed  side.  (Edema  of  the  legs  occurs  in  beri-beri, 
probably  from  special  degeneration  of  the  vegetative  fibres  in  this 
variety  of  peripheral  neuritis.  Permanent  coldness  and  cyanosis  are 
very  common  in  the  paralysed  limbs  in  cases  of  old  anterior  poliomye- 
litis. Even  in  warm  weather  the  flaccid  limb  remains  cold  and  some- 
times blue  in  the  hand  or  foot,  as  the  case  may  be.  Such  cyanosis 
differs  from  that  of  Raynaud's  group  in  being  permanent  and  not 
paroxysmal. 

Certain  varieties  of  urticaria  may  be  referable  to  affection  of  the 
nervous  system,  as  in  certain  cases  in  which  the  characteristic  itching 
wheals  appear  on  sudden  emotional  excitement.  These  patients 
appear  to  have  a  specially  low  coagulability  of  the  blood  due  to 
deficiency  of  calcium  salts  in  the  liquor  sanguinis.  But  urticaria  is 
much  more  often  toxic  in  origin.  Deruioyraphism,  on  the  other  hand 
("  factitious  urticaria  "  or  "  urticaria  scripta  "),  is  a  reflex  cutaneous 
phenomenon.  It  is  elicited  by  stroking  the  skin  firmly  with  a  smooth, 
hard  obj  ect,  such  as  the  head  of  a  pin  or  the  finger-nail.  If,  for  example, 
we  draw  a  diagram  or  write  on  the  patient's  skin  in  this  way,  a  red 
area  appears  within  a  few  seconds.  The  skin  then  becomes  elevated 
into  a  hard,  white  ridge,  which  can  not  only  be  felt,  but  seen,  as  if  the 
pattern  or  writing  had  been  embossed  on  the  skin  (see  Fig.  223,  p.  398). 
This  lasts  for  many  minutes  and  passes  off  gradually.  Unlike  true 
urticaria,  dermographism  is  unaccompanied  by  itching.  The  pheno- 
menon is  commonest  in  neuropathic  people,  but  is  not  confined  to  them ; 
it  is  particularly  common  in  exophthalmic  goitre,^  and  may  sometimes 
be  found  in  apparently  healthy  individuals.  The  strange  malady 
known  as  intermittent  hydrarthrosis  appears  to  have  an  affinity 
with  giant  urticaria. 

Lastly,  we  have  to  refer  to  certain  abnormalities  of  sweating  which 
are  due  to  nervous  disorders.  We  have  already  alluded  to  localised 
anidrosis  or  absence  of  sweat  in  certain  cases  of  cervical  sympathetic 

^  Dreschfeld,  Brit.  Med.  Journal,  November  18,  11)05. 
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palsy.  But  sometimes  we  meet  with  paroxysmal  localkcd  hyper- 
idrosis  or  excessive  sweating.  Figs.  204  and  205  show  the  areas  of 
excessive  sweating  in  two  patients.  In  one  the  condition  was  con- 
genital, and  consisted  in  excessive  sweating  on  the  left  side  of  the  scalj) 
and  face,  corresponding  to  the  whole  of  the  first  division  and  part  of  the 
second  division  of  the  trigeminal.  In  the  other,  the  whole  area  of  the 
trigeminal  on  the  right  side  was  affected  and  the  condition  appeared 
at  the  age  of  twenty-eight.  In  both  these  patients,  who  were  otherwise 
healthy,  the  paroxysms  of  sweating  occurred  only  on  chewing  highly 
flavoured  articles,  such  as  onions  or  pickles.  This  condition  suggests 
some  hyper-excitability  of  the  reflex  sweating  centre  for  the  face,  pos- 


Fiu.  204. — Area  of  Im-alised 
sweating  tluring  masti- 
cation of  })ungent  sub- 
stances. From  a  man 
aged  29.  The  condition 
was  congenital. 


I'u).  20.5. — Area  of  localised 
sweating  during  mastica- 
tion of  pungent  substances. 
From  a  man  aged  35,  in 
wiioMi  the  condition  ap- 
peared at  the  age  of  28. 


sibly  within  the  pons.  Fig.  206  is  a  photograph  of  an  area  of  hy])eri- 
drosis  on  the  left  hand  and  wrist  of  a  young  woman  of  nineteen.  In  her, 
the  paroxysms  occurred  three  or  four  times  a  day,  spontaneously, 
chiefly  about  the  time  of  the  menstrual  period  or  when  she  was  excited, 
hi  this  case  the  distribution  suggested  a  segmental  area,  aj)parcntly 
about  the  eighth  cervical  and  first  thoracic  segments,  and  counter- 
irritation  over  the  lower  part  of  tlie  neck,  front  and  back,  near  the 
«xit  of  these  roots,  produced  rapid  amelioration  of  the  condition. 

Thermalgia  from  partial  lesions  of  mixed  nerve-trunks,  especially 
the  median  or  sciatic,  in  which  the  vegetative  fibres  for  the  cutaneous 
vessels  and  sweat-glands  are  implicated,  is  usually  associated  with 
excessive  sweating  of  the  affected  hand  or  foot  (see  also  pp.  183  and 
513). 

In  certain  chronic  cases  of  hemiplegia,  we  not  infrequently  observe 
excessive  sweating  of  the  hand  and  foot  on  the  paralysed  side.  This 
is  doubtless  due  to  changes  in  the  sweating  centres  in  the  central 
nervous  system. 
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Transverse  lesions  of  the  spinal  cord  may  also  be  associated  with 
abnonnalities  of  sweating,  owing  to  affection  of  the  nncleus  sym- 
pathftticus  in  the  intennedio-lateral  column  of  the  grey  matter.  This 
is  conveniently  demonstrated  by  means  of  a  hypodermic  injection  of 
pilocar|)in,  the  patient's  body  being  previously,  by  a  suitable  cradle, 
protected  from  contact  with  the  bed-clothes.     Profuse  sweating  is 


Fro.  20r). — -Looalisocl  hyporiclrosis  along  ulnar  border  of  forearm  and  hand.     The 
dark  area  is  due  to  powdered  charcoal  adherent  to  sweating  skin. 

produced  in  the  parts  above  the  level  of  the  lesion,  whereas  the  skin  of 
the  lower  limbs  and  trunk  remains  dry,  up  to  the  level  of  the  affected 
segment  of  the  spinal  cord. 

For  the  first  few  days  or  weeks  after  a  total  transverse  lesion  of 
the  spinal  cord,  during  the  stage  of  flaccidity  with  absence  of  deep  and 
superficial  reflexes,  the  skin  of  the  lower  limbs  is  dry.  When  the  stage 
of  reflex  activity  supervenes,  with  return  of  muscular  tonus,  reap- 
pearance of  reflexes  and  reflex  incontinence  of  urine,  the  skin  begins  to 
sweat  excessively,  as  part  of  the  "  mass-reflex." 

We  have  already  referred  to  the  vasomotor  paralysis  in  the  lower 
limbs,  which  occurs  in  recent  acute  total  transverse  lesions  of  the  cord 
(p.  353). 


CHAPTER  XXI 

THE  NEUROSES 

The  boundary  between  organic  diseases  and  the  so-called  functional 
diseases  or  neuroses  is  entirely  imaginary.  The  old  definition  of  a 
neurosis  as  a  nervous  disease  devoid  of  anatomical  changes  is  inade- 
quate. Disease  is  inconceivable  without  some  underlying  physical 
basis.  The  lesion  may  be  minimal  in  degree;  it  need  not  be  visible 
microscopically ;  it  may  be  molecular  or  bio-chemical. 

The  mere  transiency  or  temporary  character  of  nervous  phenomena 
is  no  criterion  of  the  absence  of  an  organic  cause.  We  need  only  recall 
the  familiar  subjective  tingling  produced  in  the  ulnar  side  of  the  hand 
and  fingers  by  a  knock  on  the  ulnar  nerve  (the  familiar ' '  funny-bone  " ) ; 
or  the  transient  paralysis  of  the  dorsiflexors  of  the  ankle  which  may 
follow  pressure  upon  the  external  popliteal  nerve  by  sitting  on  a  hard 
bench.  In  both  these  instances  prompt  recovery  occurs,  and  yet  the 
imderlying  cause  was  undoubtedly  physical,  organic.  In  the  case  of 
the  ulnar  nerve  we  may  imagine  some  momentary  oscillation  of  its 
nerve-fibrils:  in  that  of  the  popliteal  nerve,  some  transient  inter- 
ference with  the  lymph  circulation  within  the  nerve-trunk.  If  the 
physical  force  be  more  severe,  or  more  prolonged,  organic  changes  of  a 
more  lasting  nature  may  be  produced,  e.g.  contusion  or  effusion  of 
blood,  together  with  compression  and  degeneration  of  nerve-fibres,  as 
in  the  well-recognised  crutch-palsy  of  the  musculo-spiral  nerve.  But 
the  difference  between  these  various  examples  is  merely  one  of  degree. 

In  certain  chronic  diseases,  such  as  epilepsy  or  myoclonus,  the 
essential  underlying  lesion  is  still  disputed  or  undiscovered,  yet  we 
no  longer  class  them  as  neuroses  in  the  strict  sense  of  the  word. 

A  nenrosis  may  be  defined  as  a  molecular  abnormality  of  the 
nervous  system  (whether  cerebro- spinal,  or  vegetative,  or  both  to- 
gether) characterised  clinically  by  abnormal  reactions  to  ordinary 
stimuli.  These  stimuli  may  be  physical  or  emotional ;  they  may  arise 
outside  or  from  within  the  patient's  body.  The  abnormality  of  re- 
action may  consist  in  excessive  response,  in  diminished  or  absent 
response,  or  in  some  unusual  or  strange  response. 

We  should  never  diagnose  a  neurosis  on  negative  evidence  alone, 
i.e.  merely  from  the  absence  of  signs  of  organic  disease.     To  establish 
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a  secure  diagnosis,  characteristic  positive  phenomena,  physical  and 
psychical,  must  also  be  present.  We  must  recognise  that  the  neuroses 
are  real  diseases,  with  positive  clinical  phenomena,  as  real  as  smallpox 
or  cancer. 

A  sharp  distinction  must  be  drawn  between  a  hysterical  or  a 
neurasthenic  patient  and  a  person  who  is  deliberately  shamming  or. 
malingering. 

The  hysteric  is  deficient  in  will-power  and  "  cannot  will."  He 
usually  has  no  knowledge  of  the  disease  which  he  may  unconsciously 
simulate.  The  imitation  of  other  diseases,  neuro-mimesis,  which  is  so 
often  seen  in  hysteria,  is  not  a  voluntary  affair.  The  various  paralyses 
and  pains  from  which  hysterics  suffer,  although  the  result  of  suggestion, 
are  as  real  to  the  patient  as  if  they  were  due  to  gross  organic  disease. 

The  malingerer,  or  simulator,  on  the  other  hand,  constructs  his 
apparent  disability,  knowing  all  the  while  that  he  can  perform  the 
movement  which  he  alleges  he  has  lost. 

The  recognition  of  a  malingerer  is  important.  The  essential  point 
to  determine  is  whether  the  patient  has  or  has  not  intent  to  deceive 
the  observer.  This  question  is  sometimes  difficult  to  answer,  for  malin- 
gering includes  not  only  the  feigning  of  nervous  disorders  de  novo,  which 
is  rare,  but  also  the  voluntary  exaggeration  of  previously  existing 
maladies,  functional  or  organic,  which  is  common. 

The  commonest  variety  of  malingerer  is  the  "  perse verating  "  type, 
in  which,  after  some  real  organic  inj  ury  or  illness,  more  often  trivial  than 
severe,  the  patient  "  keeps  it  up,"  i.e.  he  pretends  that  his  symptoms 
are  still  persistent.  Such  a  man,  until  suitable  and  tangible  consola- 
tion (preferably  in  cold  cash)  is  obtained,  may  either  actively  obstruct 
his  own  cure,  or,  passively,  may  do  nothing  to  help  to  get  well.  A  less 
frequent  type  is  the  "constructive"  malingerer,  who  acts,  from  the 
outset,  with  deliberate  intent  to  deceive,  and  constructs  an  artificial 
collection  of  dramatic  symptoms.  This  patient,  however,  usually 
tends  to  overdo  his  part,  and  stumbles  into  pitfalls  devised  for  him 
by  the  skilled  observer,  so  that  the  self-contradictory  nature  of  his 
alleged  symptoms  can  generally  be  demonstrated.  The  pure  malingerer 
usually  dislikes  being  examined,  whereas  the  hysteric  thoroughly 
enjoys  the  chance  of  displaying  his  symptoms. 

The  three  chief  neuroses  proper  are  neurasthenia,  psychasthenia, 
and  hysteria.  Neurasthenia  is  an  "exogenous"  neurosis;  psychas- 
thenia is  essentially  "  endogenous,"  or  innate  in  the  individual;  so  also 
is  hysteria,  although  outside  factors  may  act  as  exciting  or  precipi- 
tating causes.  Each  of  these  neuroses  has  distinctive  characteristics  of 
its  own,  but  in  practice  they  are  often  combined  with  each  other  and 
may  also  coexist  with  organic  diseases.    Thus  a  hysterical  patient 
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may  suffer  from  neurasthenia,  or  a  psychasthenic  patient  from  hysteria; 
nor  is  there  anything  to  prevent  a  neurasthenic  or  hysterical  patient 
from  having,  say,  an  attack  of  cerebral  haemorrhage.  Moreover,  any 
gross  organic  disease  may  induce  hysterical  or  neurasthenic  phenomena 
in  addition  to  the  signs  of  organic  lesion,  as  in  the  well-known  concussion- 
neurosis  following  a  head-injury  (see  later,  p.  545).  In  fact,  certain  forms 
of  grave  organic  disease  (especially  disseminated  sclerosis  and  some 
cerebral  tumours)  may  at  first  produce  symptoms  which  are  indistin- 
guishable from  those  of  functional  disease — which  are,  ia  fact,  func- 
tional. In  such  cases  the  neurologist  must  be  on  his  guard  to  detect 
the  imderlying  organic  affection,  and  to  distinguish  its  symptoms  from 
those  of  the  superadded  hysteria  or  neurasthenia.  Functional  symp- 
toms, then,  may  coexist  wth  gross  organic  disease. 

In  studying  the  neuroses  it  is  useful  to  recall  certain  preliminary 
psychological  conceptions  with  regard  to  the  processes  of  normal 
thought. 

According  to  modern  psychological  teaching,  the  processes  of  our 
ordinary  thoughts  are  guided  in  two  entirely  different  ways.  Firstly, 
by  means  of  intelligent  arguments  or  proposition?,  logical  and  "  cold- 
blooded," whereby  each  element  of  thought  follows  from  the  one 
before,  as  in  a  mathematical  proposition.  This  variety  oi  thought, 
contrary  to  what  might  perhaps  have  been  expected,  is  the  less 
frequent  of  the  two.  The  other,  and  much  commoner,  process  which 
guides  the  stream  of  consciousness  is  the  directing  force  of  ' '  com- 
plexes." By  a  "  complex  "  the  psychologist  means  a  system  of  ideas 
strongly  influenced  by  an  emotional  feeling-tone.  Such  an  emotional 
tone,  e.g.  in  the  complex  of  love,  disappointment,  or  hate,  while  it 
lasts,  tinges  all  the  mental  processes  of  the  individual,  so  that  he 
regards  everything,  not  in  the  cold,  clear  light  of  logic,  but,  as  it  were, 
through  glasses  tinted  by  his  emotion.  Every  complex  may  be 
analysed  into  several  fundamental  forces  or  "  instincts,"  combined 
in  different  proportions  in  each  complex,  e.g.  the  elemental  instincts 
of  self-preservation,  self-assertion,  self-abasement,  the  reproductive  or 
sex-instinct,  the  herd-instinct,  and  so  on.  Man  is,  therefore,  largely  a 
creature  of  the  emotions. 

The  modern  conception  of  consciousness  regards  it  as  comprising 
several  grades  or  layers.  Firstly,  there  is  the  "  active  consciousness," 
comprising  those  thoughts  which  are  actually  in  the  individual's  mind 
at  a  given  moment.  Secondly,  there  is  the  "  liminal  consciousness," 
or  sub- consciousness,  containing  thoughts  which  can  be  recalled  or 
reproduced  by  a  slight  effort  of  memory.  Lastly,  there  is  the  "  sub- 
liminal consciousness,"  a  deeper  grade  of  sub-consciousness,  containing 
thoughts,  usually  of  a  painful  nature,  which  can  only  be  brought  into 
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the  active  consciousness  with  difficulty,  or  by  some  round-about 
method.  Thoughts  in  this  sub-liminal  consciousness  are  retained  at 
that  level  by  a  mental  effort  of  so-called  "  repression,"  so  as  to  spare 
their  owner  from  distress.  Sometimes  this  process  of  repression 
succeeds;  often,  however,  the  painful  thoughts  will  not  be  denied, 
but,  from  time  to  time,  force  themselves  up  to  the  level  of  active 
consciousness,  e.g.  during  dreams,  when  the  higher  inhibitory  centres 
are  in  abeyance,  or  in  waking  hours,  when  the  individual's  attention 
happens  to  be  relaxed. 

In  certain  individuals  these  sub-liminal  complexes  conflict  one 
with  another,  one  complex  pulling  the  individual  one  way,  and  another 
complex  in  a  different  direction.  For  example,  a  soldier  who  is  under 
shell-fire,  and  during  the  emotion  of  fear,  may  have  two  conflicting 
complexes ;  one,  dominated  by  the  instinct  of  self-preservation,  urges 
him  to  run  away;  the  other,  based  on  the  herd- instinct  of  discipline 
and  pride  of  race,  urges  him  to  fight  on.  Of  these  two,  the  herd- 
instinct  ought  normally  to  be  the  dominant  one.  But  if  the  two 
forces  are  so  equally  balanced  that  neither  of  them  is  strong  enough 
decisively  to  influence  the  conflict  between  self  and  duty,  a  conflict 
which  is  complicated  by  the  natural  desire  to  get  away  from  the  danger 
and  horror  of  his  environment,  he  fails  to  solve  the  mental  dilemma, 
and  may  develop  some  sort  of  psycho-neurosis. 

This  conflict  is  sometimes  a  conscious  struggle ;  in  other  cases  it  is 
buried  in  sub-consciousness  and  is  not  realised  by  the  patient.  But  in 
cither  case,  so  long  as  the  conflict  is  undecided,  the  patient's  psycho- 
neurosis  persists,  until  he  can  be  got  to  realise  and  to  solve  his  conflict 
one  way  or  another. 

Clues  to  the  existence  and  nature  of  such  conflicts  are  often  afforded 
by  mental  exploration  (a  better  terra  than  "  psycho-analysis  ").  This 
may  be  carried  out  either  in  the  waking  state  or  in  the  hypnotic 
state,  although  this  latter  is  seldom  necessary.  Mental  exploration 
comprises  a  study  of  the  patient's  past  emotional  history,  and  of  his 
present  nocturnal  dreams,  which  are  indicative  of  his  sub-conscious 
distresses  or  fears  or  unrealised  desires.  It  also  includes  an  in- 
vestigation of  his  day-dreams,  which  are  identified  by  inquiring  of 
the  patient  what  he  tends  to  think  of,  when  his  thoughts  wander  of 
their  owji  accord.  We  may  thus  discover  that  some  special  trouble 
inclines  to  crop  up,  which  the  patient  instinctively  tends  to  push  away. 
Let  us  briefly  recall  some  of  the  characteristic  symptoms  of  the 
chief  neuroses — neurasthenia,  psychasthenia,  and  hysteria — and  note 
in  what  respects  they  differ,  if  at  all,  from  analogous  svmptoms  pro- 
duced by  gross  organic  diseases. 
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The  ByTidrome  known  as  Neurasthenia,  or  nervous  exhaustion, 
is  not  a  primary  disease.  It  is  exogenous,  the  result  of  sonietliiug  else. 
The  commonest  cause  is  over-strain,  mental  or  physical,  combined 
with  some  emotion  of  a  disagreeable  kind.  It  may  also  be  produced  by 
the  abuse  of  drugs  such  as  alcohol,  tobacco,  or  cocaine;  by  sexual 
excess;  or,  again,  by  the  toxins  of  various  infective  diseases  such  as 
influenza,  enteric  fever,  etc.,  or  by  the  auto-intoxication  associated 
with  dilatation  of  the  stomach  or  with  other  forms  of  gastro-intestinal 
disease.  Or  neurasthenia  may  result  from  organic  diseases,  whether 
these  be  of  the  nervous  system  {e.g.  tabes,  disseminated  sclerosis)  or 
of  other  systems  (as  in  gout,  rheumatism,  cancer,  and  so  on).  Eye- 
strain from  uncorrected  astigmatism  is  a  common  cause  which  is 
frequently  overlooked.  Lastly,  a  particularly  frequent  cause  is 
traumatism,  especially  in  railway  accidents,  which  produce  a  common 
type  of  neurasthenia,including  the  so-called  "railway  spine."  The  worry 
and  uncertainty  of  litigation  after  accidents  of  this  sort  are  often  an 
aggravating  factor,  both  in  traumatic  neurasthenia  and  in  traumatic 
hysteria.  Patients  with  a  low  power  of  resistance  are,  of  course, 
specially  liable  to  become  neurasthenic  from  any  accidental  cause,  but 
we  must  remember  that  even  healthy  individuals,  without  neuropathic 
taint,  may  be  rendered  neurasthenic,  as  a  result  of  over-strain  or 
trauma,  plus  emotion. 

The  symptoms  of  neurasthenia  are  chiefly  subjective.  The  patient 
complains  of  undue  fatigue  and  feebleness  of  attention,  so  that  sus- 
tained mental  effort  becomes  impossible — so-called  "  brain  fag." 
There  is  "irritable  feebleness"  and  loss  of  emotional  control,  with 
general  gloominess  and  depression  of  the  whole  nervous  system. 
Painful  and  disagreeable  sensations  are  felt  too  acutely,  trifling  causes 
excite  him  to  anger  or  tears,  whilst  the  reaction  to  pleasurable  emotions 
is  diminished.  The  patient's  memory  is,  however,  unimpaired,  and 
he  relates  his  woes  with  great  wealth  of  detail.  He  is  full  of  aches  and 
pains,  but  on  physical  examination  there  is  nothing  to  be  made  out 
in  the  way  of  anaesthesia  or  of  true  motor  paralysis. 

The  sensory  symptoms  of  neurasthenia  include  subjective  sensa- 
tions ad  infinitum^  all  of  them  disagreeable.  Pains  and  dysaesthesiee 
of  various  sorts  are  specially  common  in  the  head  and  along  the 
vertebral  column.  A  tight  occipito-frontal  headache  is  the  commonest 
variety. 

Amongst  the  motor  symptoms,  the  chief  is  muscular  asthenia  or 
excessive  tendency  to  fatigue,  so  that  every  movement  requires  a 
painful  effort  of  volition.  When  this  affects  the  internal  ocular 
muscles  it  constitutes  asthenopia  or  tiredness  of  the  eyes  on  attempting 
to  accommodate  as  in  reading.    The  tongue  and  limbs  are  often 
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tremulous,  with  a  fine  intention-tremor.  Myokymia  is  not  uncommon 
in  the  muscles  of  the  face  or  limbs.  But  there  is  never  a  true  motor 
paralysis.  Individual  movements,  although  they  may  be  feeble, 
tremulous,  and  associated  with  an  intense  feeling  of  fatigue,  are  never 
impossible.  The  sense  of  fatigue  in  a  neurasthenic  patient,  unlike 
that  in  hysteria,  is,  as  a  rule,  uninfluenced  by  suggestion. 

Cardio-vascular  symptoms  are  common,  including  paroxysmal 
palpitation  and  a  curious  violent  pulsation  of  the  abdominal  aorta, 
which  may  feel  almost  subcutaneous.  Perhaps  the  commonest  obj  ective 
phenomenon  of  neurasthenia  is  shown  by  the  rate  of  the  pulse  on 
change  of  posture.  The  normal  difference  between  the  recumbent 
and  upright  pulse-rates  is  from  8  to  10  beats  per  minute.  A  normal 
recumbent  rate  which  becomes  tachycardiac  in  the  upright  posture 
indicates  severe  loss  of  tone  in  the  peripheral  vessels,  probably  due 
to  suprarenal  insufficiency.  In  neurasthenia  a  wide  difference  between 
the  pulse-rates  in  these  two  positions  is  practically  always  present. 
The  blood-pressure  is  usually  lower  than  normal.  The  hands  and  feet 
tend  to  be  cold.  The  patient  often  complains  of  sudden  flushes  of  heat 
or  cold  traversing  the  trunk,  limbs,  or  face,  also  of  paroxysmal  sweating 
on  slight  exertion,  whether  physical  or  mental,  or  on  emotional  excite- 
ment, and  so  on.  Sometimes  we  can  see  transient  blotches  of  redness  at 
the  sides  of  the  neck,  spreading  upwards  over  the  angles  of  the  man- 
dibles on  to  the  cheeks.  The  appetite  of  the  neurasthenic  is  usually 
good,  contrasting  in  this  respect  with  the  melancholic  patient,  who 
refuses  food.  Gastro- intestinal  atony,  however,  is  common,  accom- 
panied, almost  invariably,  by  gastric  dilatation,  dyspepsia,  and  con- 
stipation. An  element  of  auto-intoxication  is  thus  superadded,  which 
aggravates  the  general  malnutrition.  Sexual  disturbances,  e.g. 
frequent  seminal  emissions,  premature  ejaculations,  deficient  erections, 
etc.,  are  not  uncommon,  and,  when  present,  they  loom  large  in  the 
mind  of  the  patient,  who  exaggerates  their  importance  and  misin- 
terprets their  significance. 

The  super-emotional  condition  of  the  neurasthenic  patient  can  be 
physically  demonstrated  by  means  of  the  psycho -galvanic  reaction. 
To  elicit  this,  the  patient  sits  with  each  hand  in  a  bowl  of  water. 
Joining  the  two  bowls  is  a  galvanic  circuit,  in  the  course  of  which 
a  delicate  galvanometer  is  placed,  carrying  a  small  mirror,  which 
magnifies  the  excursion  of  the  needle  by  the  reflection  of  a  beam  of 
light  on  to  an  enlarged  scale.  The  galvanometer  deviates  markedly 
when  any  acute  emotion  affects  the  individual,  there  being  a  latent 
period  of  about  three  seconds  before  the  reaction  occurs.  Thus,  fear, 
anger,  or  even  surprise,  as  from  an  unexpected  loud  noise,  will  induce  a 
psycho-galvanic   reaction.    The   neurasthenic   patient   is  commonly 
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super-emotional,  so  that  his  reaction  is  excessive  in  amount.  This  is 
in  strong  contrast  with  the  reaction  of  the  hysterical  patient,  who  is 
usually  found  to  be  sub-emotional,  as  demonstrated  l)y  his  psycho- 
galvanic reaction.  The  hysterical  patient  is  really  an  actor,  playing 
his  part  under  the  influence  of  suggestion,  and  although  he  may 
perform  violent  and  dramatic  fits,  or  other  movements,  his  psycho- 
galvanic reaction  remains  diminished  or  absent. 

The  superficial  reflexes  in  neurasthenia  may  be  exaggerated, 
especially  the  abdominal  reflexes.  Sometimes  if  we  stroke  the  abdomen 
in  a  circular  direction  the  umbilicus  moves  so  smartly  that  it  seems 
to  be  chasing  our  finger  round.  The  knee-jerks  in  neurasthenia  are 
sometimes  abnormally  brisk  and  accompanied  by  a  sudden  feeling  of 
shock  in  the  spine,  making  the  patient  start.  True  ankle-clonus,  how- 
ever, does  not  occur,  and  the  plantar  reflexes,  if  present,  are  of  the 
normal  flexor  type.  The  sphincters  are  unaffected.  Most  neuras- 
thenics are  poorly  nourished,  but  not  all  of  them. 

Psychasthenia,  or  Mai- adaptation  Neurosis,  is  a  much  more  serious 
affection,  in  which  the  mental  phenomena  overshadow  the  physical. 
The  psychasthenic  individual  is  one  who  cannot  adapt  himself  to  the 
realities  of  his  ordinary  life.  Unlike  neurasthenia,  which  is  usually 
a  disease  of  adult  life  resulting  from  some  extraneous  cause,  psychas- 
thenia  is  an  endogenous  disease,  the  culmination  of  an  ingrained 
neuropathic  heredity,  and  its  earliest  indications  appear  in  adolescence 
or  even  in  childhood.  In  short,  the  psychasthenic,  like  the  poet,  is 
"  born,  not  made."  Moreover,  while  neurasthenia  is  an  eminently 
curable  affection,  the  psychasthenic  patient  remains  psychasthenic  all 
his  life,  though  his  symptoms  may  be  in  abeyance. 

The  outstanding  clinical  symptoms  of  psychasthenia  are  the 
psychasthenic  "  stigmata,"  the  obsessions,  and  the  imperious  acts. 

The  stignmta  of  psychasthenia  may  be  psychical  or  physical.  The 
psychical  stigmata  of  psychasthenia  are  mental  anergia  and  irresolu- 
tion. The  psychasthenic  feels  himself  incapable  of  fixing  his  attention, 
whether  for  physical  or  mental  effort;  he  has  a  feeling  of  general 
hesitation  and  doubt,  and  has  to  lean  for  moral  sup])ort  on  others 
possessing  a  stronger  character  than  his  own.  This  anergia  or  defective 
will-power  (aboulia)  in  psychasthenia  differs  from  the  anergia  of  true 
melancholia  in  that  the  psychasthenic  is  distressed  by  his  anergia, 
and  whilst  desirous  to  act,  finds  himself  unable  to  do  so,  despite 
extraordinary  and  even  agonising  efforts.  The  melancholic  patient,  on 
the  other  hand,  is  not  merely  anergic,  but  also  apathetic,  and  his  failure 
to  act  causes  him  little  or  no  distress.  Sometimes  the  psychasthenic 
has  a  feeling  of  double  personality,  in  which  he  feels  as  if  he  had  two 
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co-existing  "  egos."  The  double  personality  of  psychastheuia  difiers 
from  that  of  hysteria,  in  which  the  duality  is  an  alternating  one,  and, 
as  a  rule,  unknown  to  the  patient. 

The  physical  stigmata  of  psychastheuia  are  evidenced  in  the 
patient's  actions.  Everything  he  does  tends  to  be  clumsy  and  (jauche  ; 
his  very  gait  may  be  ungainly;  sometimes  he  is  a  stammerer,  and  he 
may  be  so  anxious  about  his  stammer  that  the  dread  of  stammering 
amounts  to  an  acute  "  phobia,"  He  is  often  a  "  tiqueur";  he  is  full 
of  affectations  and  mannerisms.  In  addition  he  may  have  numerous 
neurasthenic  symjjtoms,  amongst  which  all  sorts  of  cephalic  sensations 
are  specially  common,  e.(j.  sensations  of  fulness  or  emptiness  in- the 
head,  of  looseness  or  tightness,  of  creaking  or  sawing,  and  so  on. 
Physical  or  mental  over-exertion  or  excitement  may  even  induce  an 
epileptiform  fit.  Gastro-intestinal  atony  is  common,  with  all  its  train 
of  symptoms  in  the  form  of  dyspepsia,  constipation,  etc.;  the  circu- 
latory and  vaso-motor  systems  may  be  affected,  e.g.  by  paroxysms 
of  palpitation,  attacks  of  blushing  or  pallor,  excessive  sweating  or 
abnormal  dryness  of  the  skin.  The  sexual  functions  are  usually 
diminished;  in  male  patients  spermatorrhoea  is  particularly  common. 
The  general  nutrition,  as  in  neurasthenia,  is  usually  below  par. 

The  second  great  characteristic  of  psychasthenia  is  the  presence 
of  systematised  obsessions  or  dominant  ideas  of  various  sorts.     These 
are  almost  always  of  a  depressing  type  and  may  be  of  the  most  varied 
forms.  A  psychasthenic  obsession  comes  on  spontaneously  in  paroxysms 
and  cannot  be  inhibited  by  any  effort  of  the  patient.     When  the 
obsession  arrives,  it  occupies  the  patient's  entire  attention,  so  that, 
for  the  time,  he  can  think  of  nothing  else.     In  the  intervals  between 
his  paroxysms  the  psychasthenic  is  a  fairly  normal  person,  taking  an 
interest  in  the  ordinary  incidents  and  pleasures  of  life.     In  this  respect 
he  differs  essentially  from  the  melancholic,  whose  depression  is  con- 
tinuous, who  lives  in  constant  gloom  and  deriv^es  no  pleasure  from  life. 
Although  the  obsession  is  often  an  idea  which  is  repulsive  to  the 
patient,  yet  it  is  most  insistent  and  tends  to  recur  again  and  again. 
The  patient  recognises  it  as  being  a  morbid  idea,  yet  he  cannot  throw 
it  oft".     The  different  obsessions  vary  in  their  tendency  to  become 
translated  into   actions.     Thus,   though  psychasthenics  often  have 
obsessions  of  suicide,  they  very  rarely  attempt  suicide;   on  the  other 
hand,  obsessions  to  steal  (kleptomania),  to  drink  (dipsomania),  and  to 
perform  sexual  acts  are  more  difl&cult  to  resist.     A  certain  proportion 
of    professional    "tramps"    are    simply   psychasthenic   individuals 
apparently  of  average  intelligence,  but  obsessed  by  the  impulse  to 
wander  from  place  to  place  and  unable  to  settle  down,  even  when 
offered  the  work  for  which  they  profess  themselves  to  be  looking. 
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We  should  note  that  though  the  psychasthenic  patient  may  have 
obsessions,  he  has  no  dehisions  or  hallucinations;  liis  reasoning  powers 
are  unimpaired.  He  must  therefore  be  clearly  distinguished  from  the 
insane  patient. 

The  third  characteristic  feature  of  psychasthenia  is  the  occurrence 
of  imperious  acts  {i.e.  an  irresistible  tendency  to  perform  some  special 
act),  and  of  paroxysmal  imferious  ideas.  Imperious  acts  include  the 
innumerable  varieties  of  tics  (see  p.  89).  As  to  the  paroxysmal 
imperious  ideas,  these  include  such  varieties  as  the  mania  for  per- 
petually asking  questions  {jdie  de  pourqum),  the  mania  of  fussy 
tidiness,  the  mania  of  counting  things  over  and  over  {arithmonuinia), 
the  mania  of  searching  for  objects,  and  so  on.  Manias  of  this  sort, 
of  course,  interfere  with  normal  mental  processes,  interrupting  them 
to  such  an  extent  that  the  patient  finishes  by  accomi)lishing  practically 
nothing  in  the  way  of  mental  work.  Imperious  ideas  may  also  be  of 
an  emotional  nature;  these  include  the  innumerable  forms  of  phobia 
or  morbid  fear,  such  as  agoraphobia  (fear  of  being  in  open  spaces), 
claustrophobia  (fear  of  being  inside  shut  doors,  especially  of  public 
buildings),  anthropophobia  (fear  of  crowds),  monophobia  (fear  of  being 
alone),  iichmophobia  (fear  of  sharp  objects),  rupophobia  (fear  of  dirt), 
toxicophobia  (fear  of  being  poisoned),  ereutophobia  (fear  of  blushing), 
fear  of  darkness,  fear  of  death,  fear  of  illness,  fear  of  performing  organic 
functions  such  as  micturition  or  defsecation  (coprophobia),  mireasonable 
fear  of  certain  animals  or  insects,  and  so  on,  ad  infinilum. 

In  most  of  these  psychasthenic  phobias  there  is,  coexistent  with  the 
repulsion  for  the  particular  act  or  object,  a  strong  attraction  to  that 
same  object  or  act.  This  mixture  of  apprehension  and  attraction, 
as  Raymond^  has  pointed  out,  is  one  of  the  causes  of  the  mental 
agitation  which  accompanies  a  psychasthenic  phobia. 

Lastly,  we  come  to  the  subject  of  Hysteria,  Suggestion  Neurosis, 
or,  as  Babinski  prefers  to  term  it,  Pithiatism  (from  ijTreiOc!),  to  per- 
suade, and  taT09,  curable).  This  is  a  psychical  conditioii  manifesting 
itself  chiefly  by  symptoms  which  can  be  reproduced  by  suggestion,  and 
which  can  be  made  to  disappear  again  by  persuasion  and  suggestion. 
Persuasion  is  the  endeavour  to  destroy,,  a  morbid  mental  process  by 
the  logical  force  of  arguments,  whilst  suggestion  attempts  the  same 
thing  in  the  absence  of  logically  adequate  grounds,  and  by  the  employ- 
ment of  emotional  factors. ^    This  modem  and  precise  definition  of 

1  BuUetin  Medicale,  1907,  No.  30. 

2  It  must  be  remembered  that  the  dramatic  sudden  removal  of  sonic  bodily 
functional  disability  by  means  of  suggestion  is  not  necessarily  a  permanent  cure 
of  the  hysteria.  So  long  as  a  psychical  conflict  is  allowed  to  persist  in  the  patient's 
sub-conscious  mind,  the  same  (or  some  other)  disability  is  liable  to  develop  later,  on  . 
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hysteria  has  the  great  advantage  of  clear  limitation,  whereas  in  former 
days  hysteria  was  regarded  merely  as  a  collection  of  symptoms  in 
which  each  observer  included  such  phenomena  as  he  fancied. 

Hysteria  is  a  disease  which  is  much  commoner  in  women  than  in 
men,  in  peace-time,  at  any  rate.  It  is  more  frequent  during  adoles- 
cence and  adult  life  than  in  childhood  or  old  age,  although  it  may 
sometimes  occur  in  little  children  of  8,  6,  or  even  4  years.  Whilst  no 
race  and  no  people  is  exempt  from  hysteria,  it  is  relatively  more  frequent 
in  the  Latin  races  and  amongst  the  Jews.  Many  cases  of  hysteria  have 
a  nervous  heredity.  Hysterical,  alcoholic,  or  tuberculous  parents  are 
prone  to  have  hysterical  children.  We  frequently  find  physical  or 
emotional  shocks  as  exciting  causes,  or  a  combination  of  the  two,  as  for 
example  after  a  shell-explosion  in  war-time,  an  earthquake,  a  stroke 
of  lightning,  an  electric  shock,  or  a  railway  accident,  especially  if 
this  latter  be  followed  by  litigation.  Suggestion  by  other  hysterics 
may  produce  epidemics  of  hysteria,  whether  in  adolescents  as  in  girls' 
schools,  or  in  adults  as  in  certain  religious  "  revival  meetings." 

In  some  cases  there  is  a  sexual  element  in  the  causation,  though 
much  less  constantly  than  Freud  and  his  followers  would  have  us  be- 
lieve. According  to  Freud's  hypothesis,  hysteria  and  other  psycho- 
neuroses  are  supposed  to  be  due  to  "  repression  "  of  some  old  emotional 
trauma,  usually  of  a  sexual  character. 

If  we  discard  the  narrow  pan-sexual  dogma  and  approach  the  matter 
with  open  minds,  it  will  be  found  that  mental  exploration  sometimes 
yields  important  information,  valuable  both  for  diagnosis  and  for  treat- 
ment. At  the  time  of  some  original  emotional  incident,  the  feeling  to 
which  it  gives  rise,  instead  of  gaining  vent,  as  in  health,  either  in  satis- 
faction of  the  desire  or  in  vigorous  refusal  to  yield  to  it,  in  the  hysterical 
individual  becomes  repressed  or  thrust  back  into  the  patient's  sub- 
conscious memory,  thenceforward  gaining  expression  from  time  to  time 
in  an  abnormal  fashion  under  the  guise  of  some  nervous  symptom  or 
some  phobia  or  obsession.  If  this  "  repressed  "  trauma,  this  skeleton 
in  the  secret  cupboard  of  the  mind,  can  somehow  be  dragged  forth 
to  the  patient's  consciousness,  the  hysterical  symptom  is  supposed  to 
become  dispersed  by  a  process  of  "  mental  catharsis,"  so  that  conscious 
control  is  substituted  for  automatic  expression. 

The  original  trauma  is  "dug  up"  by  the  process  of  mental  explora- 
tion or  so-called  "  psycho-analysis."  This  consists  in  a  detailed  scrutiny 
of  the  patient's  past  history,  from  childhood  onwards,  so  as  to  try  and 
identify  the  precise  circumstances  under  which  the  symptom  first  arose. 


the  slightest  provocation.  The  nature  of  the  underlying  psychical  conflict  is  detected 
by  the  process  of  mental  exploration  or  analysis.  Therefore,  successful  psycho- 
therf^eutics  rests  upon  a  tripod  of  persuasion,  suggestion,  and  analysis. 
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For  this  purpose  Jung's  word-association  method  is  sometimes  employed, 
in  which  a  long  series  of  test-words  (stimulus-words),  consisting  of  carefully- 
selected  nouns,  verbs,  and  adjectives  in  everyday  use  (of  which  a  certain 
number  have  been  specially  selected  in  view  of  the  physician's  previous 
study  of  the  patient),^  are  one  by  one  read  to  the  patient,  who  has  been 
previously  instructed  to  listen  attentively  and  to  reply  as  quickly  as  possible 
to  each  test-word  with  the  very  first  word  or  i)hrase  which  the  stimulus- 
word  suggests  to  his  mind  (e.g.  "  snake — poison,  pain — tears,  sister — 
darling,  yellow — hideous,"  etc.).  The  physician  not  only  makes  a  note 
of  the  response-word  given  to  each  stimulus- word,  but  at  the  same  time, 
by  means  of  a  stop-watch  registering  fifths  of  a  second,  he  records  the 
interval  of  time  in  each  case  between  the  stimulus-word  and  the  reaction- 
word.  In  ordinary  persons  the  average  reaction-time  is  from  six-fifths  to 
twelve-fifths  of  a  second. 

In  hysterical  patients  various  peculiarities  in  the  rcs])onses  indicate 
the  existence  of  certain  trains  of  thought  of  high  emotional  value,  so  that 
the  patient  hesitates,  pauses,  or  sticks  over  certain  words  in  the  list,  has 
a  difficulty  in  responding,  or  shows  other  abnormalities  of  response.  One 
of  the  chief  peculiarities  in  response  consists  in  undue  delay  in  reaction- 
time  with  certain  test-words,  a  delay  which  may  amount  to  twice  or  three 
times  the  average  reaction-time  taken  for  the  other  test-words.  In  some 
cases  delay  is  due  to  distraction  of  attention,  in  others  it  is  due  to  sub- 
conscious emotion,  in  which  case  it  has  an  important  diagnostic  significance. 
Or  there  may  be  a  failure  to  respond  at  all,  or  a  senseless,  silly  reaction.  Or 
the  response  may  be  a  mere  repetition  of  the  test-word,  or  a  repeated 
use  of  the  same  response-word,  indicating  an  emotional  reaction  of 
some  kind.  "  Clang  "  reactions,  depending  on  sound  {e.g.  "  window — 
winter,"  "  Moses — noses  "),  are  generally  indicative  of  disturbances  of 
attention. 

On  looking  through  the  complete  list  of  test- words,  reaction-times,  and 
responses,  and  having  discovered  one  or  two  peculiar  responses  of  this  sort, 
the  psycho-analyst  proceeds  to  cross-examine  the  patient  as  to  the  thread 
of  sub-conscious  thought  which  connects  the  stimulus- word  with  the  de- 
layed or  peculiar  response-word.  This  thread,  in  Freudian  hands,  always 
proves  to  possess  a  sexual  continuity. 

The  psycho-analyst  also  studies  the  patient's  dreams.  These  are  sup- 
posed to  represent  either  the  imaginary  gratification  of  ego-centric 
desires  that  have  undergone  repression  in  daily  life — i.e.  a  wish-fulfilment ; 
or  sometimes  they  may  represent  a  fear-fulfilment,  as  in  war-dreams,  which 
are  nightmares  in  which  the  patient  dreams  of  being  relentlessly  shelled. 
Dreams  include  not  only  night-dreams,  but  also  day-dreams.  The  physi- 
cian inquires  as  to  what  the  patient  tends  to  think  of  when  the  mind  is, 
as  it  were,  running  of  its  own  accord,  and  tries  to  discover  whether  any 
special  thoughts  incline  to  come  into  his  mind,  which  he  tends  to  push  away. 
On  the  theory  that  the  latent  content  of  dreams  and  of  neurotic  symptoms 
is  always  of  a  sexual  nature,  the  Freudian  enthusiast  submits  the  patient's 
ilrearas  to  similar  "  analysis  "  and  constructs  ingenious  comparisons  be- 
tween the  dream  and  the  patient's  sj-mptoms. 

*  The  following  is  a  series  of  test-words  taken  from  Jones's  book: — 
Coal,  brother,  mount,  tea,  drop,  cow,  pin,  blood,  tree,  snow,  rail,  plate,  touch, 
train,  roof,  rub,  bag,  watch,  jump,  mouse,  post,  blue,  pot,  stick,  chair,  ball,  sheet, 
egg,  wood,  note,  tire,  sister,  cup,  warm,  turn,  waste,  dog,  hand,  tongs,  stone,  table,  ride, 
paper,  room,  red,  live,  back. 
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To  the  non- Freudian  physician  many  of  these  "  analyses  "  appear 
prurient  and  far-fetched.  As  Jones  admits,  ' '  particularly  with  the 
more  complex  analyses,  doubt  must  always  arise  concerning  the  trust- 
worthiness of  the  results."^  Freud  deserves  credit  for  emphasising  the 
sexual  element  underlying  a  considerable  proportion  of  cases  of  hysteria 
and  of  other  psycho-neuroses,  but  it  is  a  grotesque  exaggeration  to 
attribute  every  case  of  neurosis  to  a  trauma  of  purely  sexual  origin, 
and  to  ignore  innumerable  other  sorts  of  traumata,  physical  or 
emotional. 

Hysterical  states  shade  imperceptibly  into  normal  mental  states, 
there  being  no  hard  and  fast  line  of  demarcation.  A  certain  suscepti- 
bility to  suggestion  and  a  certain  emotional  reaction  exist,  in  normal 
individuals,  in  widely  varying  degrees.  Such  phenomena  are  especially 
marked  in  children.  In  fact,  as  Schnyder^  has  said,  we  may  speak 
of  the  "  physiological  hysteria  "  of  childhood.  But  if  an  adult  reverts 
to  the  childish  susceptibility  to  suggestion  and  to  infantile  emotional 
reactions,  we  consider  him  or  her  pathological,  hysterical  in  fact. 

Hysterical  individuals,  with  few  exceptions,  belong  to  the  category 
of  the  inefl&cient  and  unsuccessful  members  of  the  community.  It  is 
true  that  the  hysterical  individual  may  be  free  from  gross  intellectual 
deficiencies,  but  nevertheless  he  is  sub-normal. 

The  symptoms  of  hysteria  tend  to  vary,  to  some  extent,  with  the 
social  education  of  the  patient.  It  is  chiefly  hospital  patients  and 
litigants  of  the  so-called  working- classes  who  show  the  grosser  pheno- 
mena such  as  paralyses,  contractures,  deafness,  blindness,  etc.;  whereas 
in  patients  from  the  middle  and  "  upper"  classes,  hysterical  pheno- 
mena are  usually  expressed  by  more  complex  symptoms,  visceral  or 
psychical.^ 

For  purposes  of  convenience  we  shall  consider  the  symptoms  of 
hysteria  in  four  groups — ^psychical,  sensory,  motor,  and  lastly, 
visceral  and  vascular.  In  each  of  these  groups  we  may  find  excess, 
diminution,  or  perversion  of  the  normal  nervous  processes. 

Psychical  Symptoms. — These  are  invariably  present  in  hysteria 
to  a  greater  or  less  degree.  The  most  outstanding  feature  is  deficiency 
oj inhibition  or  psychical  instability.  The  patient  reacts  in  an  abnormal 
fashion  to  suggestions  or  stimuli,  whether  originating  in  the  outside 
world  or  within  her  own  body.  One  of  the  most  striking  instances 
of  this  is  found  in  the  phenomena  of  hypnotic  suggestion,  whereby  a 
peculiar  form  of  temporary  hysteria — the  hypnotic  trance — is  arti- 
ficially induced  by  suggestion,  and  can  be  made  suddenly  to  disappear 

^  Ernest  Jones,  Psycho- Analysis,  London,  1913. 

a  Journal  de  Neurologie,  1907,  p.  281. 

3  Dercura,  "  Rest  and  Suggestion  in  Nervous  Disease,"  2nd  edition,  1917,  p.  96. 
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by  the  same  means.  This  disappearance  of  symptoms  during  or  after 
hypnosis  is  sometimes  taken  advantage  of  in  the  treatment  of  hysteria 
by  hyjmotic  suggestion.  It  is  open  to  the  objection  that,  instead  of 
strengthening  the  patient's  feeble  inhibition,  it  temporarily  multij)lies 
that  fault,  by  increasing  the  suggestibility  of  an  already  abnormally- 
suggestible  individual.  Yet  if  the  result  be  that  the  patient  has  a 
hysterical  suppression  of  her  hysterical  symptoms  or  an  inhibition  of 
the  inhibitory  centres  (on  the  mathematical  principle  that  —  X  —  =  +) 
it  is,  none  the  less,  of  therapeutic  value.     But  results  obtained  by  this 
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Fig.  207a. 


Fios.  207  AND  207a. — Case  of  hysterical  paraplegia  of  fourteen  years'  dura- 
tion. Showing  a  characteristic  hysterical  posture  of  the  feet  when  the 
patient  is  pa.ssively  supported. 

plan  are  less  likely  to  be  permanent  than  when  we  strengthen  the 
patient's  inhibition  or  self-control  without  hypnosis. 

Abnormal  suggestibility  and  deficient  inhibition  being  the  keynotes 
of  the  hysterical  "  yfrvxv,"  we  find,  accordingly,  that  the  patient  is 
unstable,  reacts  dramatically  to  emotional  stimuli,  is  changeable  in 
di.sposition,  often  excitable  and  perhaps  passionate.  She  giggles  or 
cries  on  slight  provocation,  and  one  of  the  most  familiar  forms  of 
hysterical  "  fit "  consists  merely  in  an  emotional  reaction  of  alternate 
loud  laughter  and  crying.  Her  will-power  is  feeble,  her  mental  field 
of  vision  is  narrowed,  and  she  is  morbidly  introspective  and  swayed 
by  passing  whims ;  and  this  want  of  self-reliance  leads  to  another  very 
characteristic  symptom — the  craving  for  sympathy.  If  that  sympathy 
be  shown,  as  is  so  often  the  case,  to  an  inj  udicious  extent  by  the  patient' s 


THE  NEUROSES 


371 


relatives  and  friends,  her  recovery  may  be  indefinitely  delayed.  Hence 
it  is  generally  of  supreme  importance  to  remove  the  hysterical  patient 
completely  from  her  old  surroundings,  and  to  isolate  her  from  the 
baneful  influence  of  unwise  sug- 
gestions. 

Figs.  207  and  207a  are  photo- 
graphs of  a  woman  agcil  37,  who  for 
over  fourteen  years  had  lain  on  a 
bed  of  sickness  unable  to  move  lier 
legs,  a  case  of  hysterical  paraplegia. 
But  she  was  cherished  by  the  sym- 
pathy of  a  devoted  mother  and  of 
various  benevolent  lady-visitors, 
anxious  to  soothe  her  dying  mo- 
ments. She  was  at  last  admitted 
to  hospital,  where,  as  a  result  of  six 
weeks  of  isolation,  massage  and 
psrsuasion,  she  recovered  the  power 
of  walking,  as  will  be  seen  from  the 
other  photograph  (Fig.  208). 

It  is  convenient  to  mention 
here,  in  connection  with  the 
psychical  symptoms,  the  hysteri- 
cal affections  of  speech.  Some- 
times there  is  excessive  volubility 
— a  diarrhoea  verborum.  In  other 
cases  we  find  the  reverse  condition 
of  hysterical  mutism,  in  which 
the  patient  is  absolutely  dumb. 
This  is  a  common  variety  of  war- 
hysteria  following  shell-explosion. 
Sometimes  it  is  combined  with 
hysterical  deafness,  thereby  pro- 
ducing hysterical  deaf-mutism. 
The  hysterically  mute  patient  can 
usually  express  himself  fluently^ 
both  by  writing  and  by  pan- 
tomimic    gestures.       Hysterical 


Fio.  208. — The  same  patient  as  in  Figs. 
207  and  207a,  after  six  weeks'  treat- 
ment, showing  restoration  of  power  of 
walking. 


aphasia  usually  deviates  in  some  gross  or  paradoxical  fashion  from 
organic  aphasia.  It  is  often  accompanied  by  curious  tricks  of  pro- 
nunciation or  of  intonation.  In  less  severe  cases  we  find  merely  loss 
of  voice,  or  hysterical  aphonia — where  the  patient  can  only  utter  her 
tale  of  woe  in  a  whisper,  breathing  it  softly  into  the  ear  of  a  sympa- 
thetic listener.  Hysterical  aphonia  has  characteristic  laryngoscopic 
appearances,  in  the  form  of  adductor  paralysis  of  the  cords,  with 
which  we  are  familiar  (Fig.  80.,  p.  160). 
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Patients  with  mutism  or  aphonia  sometimes  suddenly  recover  their 
voice  wlien  the  dominant  obsession  is  loosened,  e.g.  by  administration 
of  chloroform  (by  the  physician),  or  of  an  excess  of  alcohol  (by  the 
patient),  or  by  some  sudden  shock,  physical  or  mental.  Intra-laryngeal 
faradism  cures  immediately  many  cases  of  hysterical  aphonia. 

Articulation  in  hysterical  and  psychasthenic  patients  may  be 
affected  in  all  sorts  of  curious  fashions.  I  have  seen  several  patients 
who  drew  a  breath  cftcr  erch  separate  syllable,  e.g.  "  hos — pi — tal." 
Some  hystero-psychasthenic  "  tiqueurs"  interpolr.te  curious  barking, 
grunting,  or  snorting  noises  amongst  their  words.  One  lady  was 
afflicted  in  this  way  to  such  an  extent  that  new  neighbours  who  settled 
in  an  adjoining  house  thought  the  noise  was  made  by  a  sick  dog,  and 
made  a  humane  suggestion  that  the  animal  should  be  put  out  of  its  pain. 
And  vet  this  lady  could  recite  long  dramatic  passages  of  poetry  and 
prose,  though  in  ordinary  conversation,  or  even  when  not  talkijig,  her 
bark  made  her  society  a  mixed  pleasure. 

Stammering  in  its  different  varieties  is  not  uncommon  in  hysterical 
and  psychasthenic  individuals.  Unlike  ordinary  psychasthenic 
stammering  which  comes  on  in  childhood,  hysterical  stammering  may 
develop  suddenly  in  adult  life.  Thus  in  a  hospital  nurse  aged  33,  who 
stood  up  sharply  and  knocked  her  head  against  a  mantel -shelf,  severe 
hysterical  hemiplegia  came  on  next  day,  followed,  some  six  weeks 
later,  by  stammering,  which  lasted  for  several  months.  A  patient  with 
a  hysterical  stanmier  usually  takes  it  more  or  less  as  a  matter  of 
course,  and  it  does  not  cause  the  same  emotional  reaction  as  in  a 
psychasthenic  stammerer. 

Sensory  Ssmiptoms. — These  are  of  great  diagnostic  importance. 
We  owe  mainly  to  the  work  of  Babinski  the  recognition  of  the  fact  that 
all  the  sensory  phenomena  of  hysteria  (whether  in  the  form  of  hyper- 
assthesia,  parsesthesia,  or  anaesthesia)  are  the  result  of  suggestion.  This 
may  originate  from  the  patient  himself  (auto-suggestion),  or  from 
without  (hetero-suggestion),  and  especially  from  an  incautious  ex- 
amining physician.  Of  these  two  varieties,  auto-suggestion  commonly 
])lays  the  more  important  role.  In  a  normal  adult,  suggestion  fails 
to  produce  the  sensory  phenomena  of  hysteria. 

Pain  of  some  sort  occurs  in  many  cases  of  hysteria.  Unlike  ordinary 
pains,  which  are  generally  caused  by  some  peripheral  irritation, 
hysterical  and  neurasthenic  pains  are  entirely  central  in  origin — 
psychalgia — and  should  really  be  classed  as  hallucinations.  But  in 
every  case  we  must  be  careful  to  see  and  to  eramine  the  painfid  spot, 
and  to  exclude  peripheral  irritation,  before  labelling  any  pain  as 
hysterical  or  neurasthenic. 

Hysterical  pains  may  be  referred  to  any  part  of  the  body;  but  they 
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are  especially  common  in  certain  situations.  For  example,  hysterical 
headache  is  often  of  the  "  clavus  "  type,  which  is  a  boring  pain  localised 
to  one  small  spot  on  the  skull.  Occipital  headache  is  particularly 
common,  so  is  hemicrania.  Pain  in  the  breast — ^mastodynia — or  in 
the  joints  may  lead  to  difficulties  in  diagnosis.  Hysterical  pains  in  the 
spine  often  simulate  those  of  organic  disease.  They  frequently  follow 
a  local  trauma  of  some  sort,  and  are  a  fruitful  source  of  litigation. 
The  si)inal  pain  may  either  be  vague  and  diffuse,  or  it  may  be  localised 
to  some  special  spot.  It  is  usually  associated  with  stiffness  of  the 
back,  due  entirely  to  muscular  rigidity,  not  to  bone-disease.  At  first 
the  vicious  posture  can  be  reduced  comparatively  easily  by  gentle  passive 
movement,  but  gradually  it  tends  to  become  permanent  and  irreducible 
(imtil  after  the  claim  for  compensation  is  settled,  one  way  or  the  other). 
Differential  diagnosis  of  such  cases  is  often  difficult,  and  demands  the 
greatest  caution  on  the  part  of  the  physician.  This  difficulty  of  diag- 
nosis is  increased  by  the  fact  that  there  may  originally  have  been 
some  organic  lesion  of  sorts,  e.g.  bruising  or  laceration  of  the  spinal 
muscles,  to  which  a  psychical  element  has  been  superadded,  persisting 
long  after  the  original  cause  has  passed  away.  Moreover,  an  element 
of  malingering  is  often  superadded.  These  are  amongst  the  most 
difficult  cases  with  which  the  physician  has  to  deal.  It  is  only  by 
careful  local  and  general  examination,  revealing  the  presence  of  other 
hysterical  phenomena  and  the  absence  of  signs  of  structural  disease, 
that  we  can  avoid  errors.  Cases  have  been  known  in  which  amputa- 
tions have  been  performed  for  hysterical  joint-pains.  Some  time  ago 
I  saw  a  young  lady  who,  on  account  of  intractable  pain,  had  already 
had  one  toe  removed  by  a  surgeon,  but  the  pain  recurred  in  another 
toe,  and  the  case  was  undoubtedly  hysterical. 

Closely  related  to  these  pains  are  the  areas  of  hysterical  hyper- 
CBsthesia,  and  especially  of  hyperalgesia  or  excessive  tenderness.  Pain 
on  pressure  over  certain  spots,  whether  such  pain  be  functional 
(hysterical  or  neurasthenic)  or  organic  in  origin,  has  occasionally  to 
be  differentiated  from  the  simulated  tenderness  of  a  malingerer.  In 
such  cases  Mannkopf's  sign  is  sometimes  useful.  This  consists  in  a 
change  in  the  pulse-rate  whilst  the  j)ainful  spot  is  being  pressed  upon^ 
usually  a  temporary  acceleration  of  from  10  to  30  beats  per  minute. 
This  is  commoner  in  neurasthenic  and  hystero-neurasthenic  cases 
than  in  pure  hysteria.  Sometimes,  on  the  other  hand,  the  pulse  is 
slowed,  especially  in  cases  of  scars  from  organic  injuries.^  In  cases  of 
malingering,  however,  no  alteration  in  the  pulse-rate  is  produced.  The 
psycho-galvanic  reaction,  to  which. we  have  already  referred  (p.  363), 
is  also  a  valuable  means  of  distinguishing  true  from  simiUated  pain. 
^  Hudovemig,  Neuroloy.  CenlrcUbL,  IDIU,  s.  408 
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Universal  hyi)er8B8thesia  occurs,  though  rarely,  and  we  also  meet 
with  cases  of  hemi-hyperaesthesia.  More  usually  this  excessive 
tenderness  is  limited  to  small  areas — little  islands  of  skin  or  subjacent 
tissues  of  the  head,  trunk  or  limbs.  Sometimes  the  tenderness  is 
cutaneous  and  elicited  by  gentle  stroking  of  the  skin;  sometimes  it  is 
subcutaneous,  and  only  elicited  on  deeper  pressure. 

^Such  tender  points  are  chiefly  situated  in  the  vertebral,  infra- 
mammary,  epigastric,  and  inguinal  regions,  and  except  when  mesial, 
are^more  frequently  left-sided  (except  in  left-handed  people,  in  whom 
they  are  more  commonly  right-sided).  Tender  points  are  less  common 
on  the  head,  and  rarest  on  the  limbs. 

Of  all  the  tender  spots,  that  in  the  left  inguinal  region  is  perhaps 
the  best  known.  From  some  supposed  connection  with  the  ovary,  it 
has  been  called  * '  ovarian ' '  tenderness,  but  the  symptom  is  as  frequent 
in  male  hysterics  as  in  females,  so  that  the  term  is  a  misnomer.  More- 
over, in  this  connection,  Steinhausen^  examined  500  healthy  soldiers 
— males,  not  Amazons — and  found  that  in  no  less  than  88  per  cent, 
brisk  pressure  in  the  inguinal  region  on  either  side  produced  a  reaction 
of  some  sort,  the  phenomena  being  either  sensory  (unpleasant  tickling 
or  pain),  motor  (hardening  of  abdominal  muscles,  various  reflex  and 
protective  movements),  emotional,  or  vaso-motor  and  sympathetic 
(dilatation  of  pupils).  And  yet  there  was  not  a  single  ovary  amongst 
theii. 

These  tender  points  may  be  associated  not  merely  with  pain,  but 
with  so  much  emotional  disturbance  as  to  be  actually  hysterogenic. 
This  does  not  mean  that  they  induce  hysteria — the  hysteria  is  already 
present.  It  means  that  pressure  on  such  a  spot  induces  a  hysterical 
fit  or  paroxysm.  The  best-known  hysterogenic  area  is  in  the  left 
inguinal  region,  but  such  areas  may  be  anywhere.  I  remember  one 
patient  who  had  a  hysterogenic  spot  in  one  axilla  and  who  wore  a 
sort  of  truss  over  it,  to  protect  it  from  accidental  pressure. 

Sometimes  deeper  pressure  on  the  hysterogenic  spot  or  elsewhere 
may  arrest  a  hysterical  fit  when  in  progress.  Areas,  pressure  upon 
which  causes  cessation  of  the  paroxysms,  are  called  hysterofrenic.  The 
inguinal  region  is  the  best  known  of  these.  Strong  faradism  over  the 
inguinal  region  will  stop  most  hysterical  fits;  so  also  will  a  hypodermic 
injection  of  apomorphine  with  its  resultant  vomiting. 

Hysterical  hyperajsthesia  may  also  affect  the  special  senses,  so  that 
there  may  be  hyper-sensitiveness  of  smell,  vision,  hearing,  or  taste. 
This  is  less  common  thuji  loss  or  diminution  of  special  senses,  to  which 
wc  shall  refer  later.    For  some  time  I  had  under  my  care  a  patient 

^  Steinhausen,  Ueber  die  physido'jische.  Onindlage  der  hyaterischen  Ovarie. 
Deutsche  Zeitach.  /.  Nervenheilk.,  xix.,  s.  369. 
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who  could  not  tolerate  bright  light,  especially  if  the  room  had  a  blue 
wall-paper.  He  preferred  to  stay  in  a  darkened  chamber;  or  if  the 
blinds  were  up,  he  shaded  his  eyes  with  his  hand.  After  some  weeks  of 
psycho-therapeutic  treatment,  he  completely  lost  this  photophobia. 

In  rare  cases  an  actual  enlargement  of  the  visual  field  has  been 
observed,  generally  in  one  eye  only.  Thus,  in  a  soldier  with  hysterical 
wry-neck  and  anaesthesia  of  one  side  of  the  body,  the  visual  field  on 
the  non- anaesthetic  side,  when  measured  with  the  perimeter,  was  much 
larger  than  in  a  normal  individual. 

Hysterical  anaesthesia  is  extremely  common,  and  is  of  great  diag- 
nostic value.  If  we  test  a  casual  series  of  individuals  for  hemi-anaes- 
thesia,  making  free  use  of  suggestions  at  the  same  time,  the  normal 
individual  fails  to  develop  anaesthesia,  whereas  many  of  the  hysterical 
individuals,  owing  to  their  special  vulnerability  to  suggestion,  will 
show  an  anaesthesia  of  characteristic  type. 

Hysterical  anaesthesia,  although  fundamentally  due  to  suggestion, 
usually  auto-suggestion,  is  usually  uimoticed  by  the  patient  herself, 
and  only  discovered  on  examination  by  the  physician.-^  Sometimes, 
however,  the  patient  complains  of  spontaneous  numbness,  and  this 
is  chiefly  in  cases  when  the  affected  limb  has  motor  paralysis  as  well, 
so  that  her  attention  is  called  to  it. 

Janet  showed  an  ingenious  method  of  demonstrating  that  in  some 
cases  of  hysterical  anaesthesia,  sensory  impulses  really  reach  the  brain- 
centres,  where  they  are  actively  suppressed  by  the  patient.  Taking 
a  case  of  complete  hemi-anaesthesia,  he  makes  the  patient  shut  her 
eyes,  and  tells  her  to  say  "  Yes  "  each  time  she  feels  a  touch  or  prick 
and  to  say  "  No  "  when  she  does  not  feel  it.  In  certain  cases  the 
patient  not  only  says  "  Yes  "  every  time  she  is  touched  on  the  normal 
side,  but  also  says  "  No  "  every  time  she  is  touched  upon  the  anaesthetic 
side.  In  other  words,  the  patient  feels,  though  she  does  not  know  that 
she  feels.  This  so-called  "  Yes-No  "  test  is  pathognomonic  of  hysteria, 
and  demonstrates  the  "unreality"  of  the  anaesthesia.  It  is  often 
difficult  or  impossible  to  elicit  this  test*  successfully  at  a  subsequent 
seance,  for  the  patient  soon  learns  its  significance  and  does  not  readily 
fall  again  into  the  trap. 

Cutaneous  anaesthesia  in  hysteria  may  be  complete  or  partial  in 

^  Babinski  considers  that  hysterical  anaesthesia  is  always  the  result  of  suggestion  by 
the  examining  physician.  With  this  view  I  cannot  entirely  agree.  Many  hysterical 
patients  who  are  highly  susceptible  to  suggestion  have  no  anjesthesia.  Moreover, 
undoubted  cases  of  hemi-anaesthesia  have  been  known  to  develop  before  any  medical 
examination  had  taken  place,  the  anaesthesia  being  discovered  accidentally  either 
by  the  patient  or  by  some  lay  observer.  Moreover,  why  should  we  pick  out  sensory 
symptoms  and  say  that  they  are  suggested  by  the  physician  ?  Why  not  include 
motor  symptoms  also  ?  Why  not  all  the  symptoms  ?  If,  as  Babinski  admits*  the 
patient  is  capable  of  producing  his  motor  symptoms  by  auto-suggestion,  why  can  he 
not  produce  sensory  symptoms  at  the  same  time  ? 
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Fiu.  2U1K — Various  types  of  hyslfrical  anivsthesia.  Dotted'  areas  indicate  slight 
sensory  loss,  shaded  areas  mure  severe  Impairment,  and  black  areas  total  loss 
of  sensation. 
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Fig.  210.— Case  of  hysterical  paralysis  in  a  girl  aged  17,  showing  progressive 
improvement  in  the  anajsthesia. 
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degree,  or  it  may  be  dissociated.  Diminution  or  loss  of  painful 
sensations  is  even  commoner  than  tactile  ansBsthesia.  Many  of  the 
mediaeval  witches  were  simply  hysterics.  Their  hysterical  analgesia 
{sigillum  diaboli)  was  usually  demonstrated  by  sticking  pins  into  them. 
If  an  analgesic  area  was  discovered,  they  were  promptly  thrown  into 
the  nearest  pond  or  stream.  If  they  sank  and  were  drowned,  their 
innocence  was  established;  but  if  they  floated,  it  was  additional 
evidence  of  guilt. 


Fio.  211. — Case  of  hysterical  paralysis  in  a  left-handed  patient,  showing 
progressive  improvement  in  ana»thesia. 

Whatever  be  its  degree  of  intensity,  hysterical  anaesthesia  never 
maps  out  an  individual  nerve- area  such  as  that  of  the  radial,  median, 
ulnar,  or  external  popliteal.  Its  commonest  distribution  is  a  hemi- 
anmsthesia  which  is  mostly  left-sided,  except  in  left-handed  patients. 

It  is  a  remarkable  fact  that  a  hysterical  patient  never  suffers  any 
physical  disability  owing  to  the  existence  of  anaesthesia,  no  matter  how 
profound.  Thus  she  can  carry  out  the  most  delicate  movements  with 
an  anaesthetic  hand.  Unlike  a  patient  with  organic  anaesthesia,  the 
hysteric  never  cuts  or  burns  herself  imconsciously  in  an  ana)sthetic 
area. 
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Hysterical  lieuii-anasjthesia,  including  the  accessible  mucous 
membranes  of  the  eye,  nose,  mouth,  pharynx,  vagina  and  rectum, 
is  usually  accurately  bounded  by  the  middle  line;  but  not  always. 
It  may  either  extend  farther  over  and  encroach  on  the  non-anaes- 
thetic side,  or  certain  areas  may  remain  with  sensation  normal  even 
on  the  hemi-ansesthetic  side,  especially  the  head,  the  nipple,  and  the 
genitals,  as  may  be  seen  from  the  charts  (Figs.  209  and  210).  The 
escape  of  such  patches  is  undoubtedly  due  to  auto-suggestion. 


Fig.  212. — Case  of  liysterical  hemiplegia,  showing  variations  in 
anaesthesia. 

Bilateral  universal  anaesthesia  is  rare  (see  Fig.  87,  p.  194).  We 
generally  find,  somewhere  or  other,  one  or  more  islands  of  normal 
sensation,  or  even  of  hyper-sensitiveness.  Pharyngeal  anaesthesia  is 
one  of  the  commonest  hysterical  phenomena.  It  is  not  necessarily 
accompanied  by  loss  of  the  pharyngeal  reflex. 

In  many  cases  the  anaesthesia,  though  unilateral,  is  more  marked 
on  the  face  or  limbs  than  on  the  trunk.  It  may  affect  special  levels 
of  a  limb  (knee,  elbow,  or  shoulder),  or  it  may  stop  abruptly  at  some 
horizontal  line  (shoe,  sock,  stocking,  mitten,  glove,  sleeve).  This 
"  segfnental"  ancBsthesia  sometimes  occurs  in  association  with  hemi- 
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anaesthesia,  or  may  be  present  by  itself  ou  oue  or  both  sides  (Figs.  211 
to  213). 

After  mapping  out  the  upper  boundary  of  a  "  sleeve  "  or  "  stock- 
ing" anaesthesia,  by  a  series  of  observations  from  below  upwards, 
ruiming  in  the  long  axis  of  the  limb,  it  is  useful  to  repeat  the  observa- 
tions, ruiming  up  the  limb  in  a  zigzag  track.  In  many  cases  the  upper 
limit  of  the  anaesthesia  will  be  found  to  have  receded  by  several  inches. 


Fio.  213. — Case  of  hysterical  parai)legia  with  anjesthesia  in  a  girl  aged  19, 
showing  progressive  improvement. 

The  mode  of  onset  and  disappearance  of  hysterical  anaesthesia  is 
interesting.  Sometimes  the  anaesthesia  comes  on  gradually,  and  the 
patient  is  unconscious  of  the  defect.  In  other  cases  it  occurs  suddenly, 
especially  after  a  hysterical  fit,  and  the  patient  is  then  more  likely  to 
notice  her  "  numbness." 

We  seldom  have  the  chance  of  watching  tfie  onset  of  hysterical 
anaesthesia,  but  we  may  often  study  its  mode  of  disappearance,  and 
Figs.  210  to  213  show  charts  of  several  cases  of  hysterical  anaesthesia 
in  various  stages  of  recovery.  Unlike  organic  anaesthesia,  which,  if 
recovered  from,  fades  gradually  all  over  the  recovering  area,  hysterical 
hemi-anaesthesia  may  suddenly  fade  to  segmental  (Fig.  210),  and 
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segmental  anaesthesia  recedes  by  jumps  from  a  higher  to  a  lower  level, 
bounded  usually  by  an  "  amputation  line  "  drawn  transversely  ac  oss 
the  limb.  Sometimes  it  relapses  temporarily  to  its  old  level  before 
resuming  its  progress  towards  recovery  (Figs.  211  and  212).  More 
rarely  it  clears  up  first  at  the  periphery. 


Organic  right.homonymous  liemianopia. 

Fio.  214. — Visual  fields  from  cases  of  hysterical  and  organic  hemiplegia 
respectively,  in  which  vision  was  affected. 

AJfeclions  of  Special  Senses.— Most  cases  of  hysterical  anaesthesia 
also  have  diminution  or  loss  of  the  special  senses— smell,  vision,  taste, 
and  hearing— generally  unilateral  and  on  the  same  side  as  the  cutaneous 
anaesthesia,  rarely  on  the  opposite  side.  This  combination  of  imilateral 
affection  of  special  senses  and  of  cutaneous  sensation  is  pathognomonic 
of  hysteria,  and  does  not  occur  in  organic  disease. 

The  affection  of  vision  in  hysteria  is  never  a  hemianopia  such  as 
we  often  get  in  organic  hemiplegia.     It  is  a  concentric  contraction  of 
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the  whole  visual  field,  as  will  be  seen  from  the  accompanying  perimetric 
charts  (Fig.  214).  It  is  more  marked  in  one  eye  than  in  the  other — 
"  crossed  amblyopia  " — the  smaller  field  being  on  the  hemi-anaesthetic 
side,  usually  the  left. 

Sometimes,  when  charting  the  visual  field  of  a  hystero- neurasthenic 
patient,  we  notice  that  the  field  becomes  progressively  smaller  and 
smaller  as  we  continue  our  examination,  whether  produced  by  rapid 
fatigue  of  attention  or  by  suggestion  from  the  examining  physician, 
so  that  our  perimetric  outline  has  a  helicoid  or  spiral  shape  (Fig.  215). 
This  form  of  perimetric  tracing  does  not  occur  in  organic  disease. 
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Fig.  215, — Helicoid  contraction  of  visual  fields  in  a  case  of  hystero-neurasthenia. 

Sometimes  we  have  hysterical  blindness  or  apparent  amaurosis  in 
one  eye.  That  this  loss  of  vision  is  unreal  is  easily  demonstrated  by 
simple  tests;  thus,  by  means  of  prisms  we  may  produce  diplopia, 
a  condition  of  affairs  which  would  be  impossible  in  an  organic  case; 
or,  again,  we  may  cover  the  affected  eye  with  a  plane  glass  and  the  good 
eye  with  a  lens  so  strong  that  the  patient  cannot  possibly  see  distinctly 
through  it.  We  then  ask  him  to  read;  he  succeeds  in  so  doing,  un- 
conscious of  the  fact  that  he  is  reading  with  his  supposed  blind  eye. 
In  rare  cases  complete  bilateral  hysterical  blindness  has  been  observed. 

Perhaps  the  most  striking  variety  of  hysterical  blindness  is  the 
traumatic  amblyopia  which  sometimes  follows  the  bursting  of  a  high- 
explosive  or  a  lacrymatory  shell  a  few  yards  away.^      The  patient  is 

1  The  term  "shock-amblyopia"  is  better  than  "  shell-amblyopia,"  since  the 
condition  may  follow  shocks  other  than  those  produced  by  the  bursting  of  a  shell 
or  grenade.  Thus  in  case  of  Griffith's*  it  was  produced  by  a  kick  on  the  head  from 
a  mule. 


*  Ltmca,  June  24,  1916,  p.  1245. 
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usually  concussed,  and  may  evenlse  temporarily  unconscious.  In  other 
cases  he  is  able  to  walk,  in  a  dazed  condition,  to  the  nearest  field 
dressing-station.  He  at  once  finds  himself  to  be  totally  blind,  and  this 
blindness  is  often  accompanied  by  complete  and  bilateral  loss  of  smell, 
taste,  and  hearing.  In  the  early  days  of  such  shock- amblyopia  there 
is  usually  intense  blepharospasm,  with  photophobia  and  corneal 
hyperaesthesia,  so  that  voluntary  opening  of  the  lids  is  impossible  and 
passive  opening  is  excessively  difficult  (see  Fig.  48,  p.  92).  In  a  few 
days  the  blepharospasm  usually  passes  off,  but  the  patient  remains 
for  a  time  blind  in  one  or  both  eyes.  He  then  gradually  recovers 
vision,  generally  passing  through  a  stage  in  which  there  is  contraction 
of  the  visual  fields,  often  unequal  in  degree  in  the  two  eyes. 
Ultimately  he  makes  a  complete  recovery. 

Analogous  to  hysterical  blepharospasm  is  the  condition  of  hysterical 
pseudo-myopia  in  which  there  is  spasm  of  accommodation  so  intense 
that  the  patient  cannot  see  distant  objects  clearly  without  the  aid  of 
powerful  concave  lenses.  In  such  cases  the  instillation  of  atropine,  by 
temporarily  paralysing  the  ciliary  muscle,  at  once  renders  the  refrac- 
tion normal. 

We  have  already  referred  to  the  hysterical  affections  of  smell  (p.  116) 
and  hearing  (p.  152),  and  we  may  mention,  in  passing,  that  complete 
bilateral  loss  of  taste,  as  Hughlings  Jackson  pointed  out,  is  practically 
always  hysterical. 

Hysterical  Parsesthesia,  or  Perversion  of  Sensation. — In  some  cases 
of  hysteria  a  touch  on  one  limb  or  one  side  of  the  body  is  felt  by  the 
patient  at  the  corresponding  spot  on  the  opposite  side — aUocheiria 
(Obersteiner).  In  another  variety,  of  which  I  have  seen  an  example, 
a  touch  on  the  radial  border  of  the  limb  was  felt  on  the  ulnar,  and  vice 
versa.  The  syncesthesalgia  {p.  184)  which  is  met  with  in  certain  cases  of 
thermalgia  following  incomplete  nerve-division  is  probably  hysterical 
in  nature.  Haphalgesia  (Pitres)  is  the  term  used  when  intense  pain  is 
caused  by  touching  the  patient  with  certain  substances,  such  as  metals, 
which  normally  should  only  cause  a  tactile  sensation. 

All  these  paraesthesiae  are  the  result  of  suggestion,  generally  auto- 
suggestion, but  sometimes  suggestion  by  the  examining  physician. 

Parsesthesiae  of  the  special  senses  are  also  met  with,  as,  for  example, 
in  monocular  diplopia  or  polyopia^  which  is  always  hysterical.  Microp- 
sia, where  everything  looks  very  minute,  and  macropsia,  where  sur- 
rounding objects  seem  gigantic,  are  both  frequently  hysterical. 

Motor  Phenomena. — These  may  be  subdivided  into  irritative 
and  paralytic.  Amongst  the  irritative  phenomena^  the  most  striking  are 
the  so-called  hysterical  fits  or  paroxysms.  These  are  rarely  induced  by 
emotional  excitement  alone.   It  has  been  wisely  remarked  that  "  when 
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a  real  and  intense  emotion  rends  the  human  soul,  there  is  no  room  for 
hysteria."  Suggestion,  on  the  other  hand,  whether  from  within  or 
from  without,  plays  a  fundamental  part  in  the  production  of  hysterical 
attacks. 

Hysterical  fits  vary  enormously  in  type  and  in  severity,  from  a 
simple  emotional  outburst  of  imcontrollable  laughter  or  weeping, 
accompanied  perhaps  by  the  hysterical  "globus"  or  "ball  in  the 
throat,"  to  the  most  prolonged,  dramatic  and  violent  muscular  move- 
ments, together  with  apparent  unconsciousness. 

One  variety  of  hysterical  fit  is  sometimes  mistaken  for  epilepsy, 
and  there  is  all  the  greater  liability  to  make  this  mistake  since  the  fit 
is  generally  over  before  we  reach  the  patient,  and  we  are  dependent  for 
our  information  upon  the  accounts,  more  or  less  accurate,  of  unskilled 
witnesses.  But  if  the  physician  is  lucky  enough  to  be  present  during  a 
fit,  there  is  seldom  any  difiiculty  in  diagnosis.  Thus,  for  example,  the 
patient  never  hurts  herself  in  falling;  there  is  no  stertorous  breathing; 
her  face  is  not  livid,  nor  does  she  bite  her  tongue  as  in  epilepsy ;  she 
may,  however,  bite  her  lips  or  snap  at  the  fingers  of  the  bystanders. 
She  never  empties  the  bladder  or  rectum  during  the  fit;  her  eyes  are 
usually  tightly  closed,  and  if  the  physician  tries  to  open  them,  the 
patient  resists  actively.  A  hysterical  fit  is  not  followed  by  coma  nor 
by  a  transient  extensor  plantar  reflex  and  hardly  ever  by  vomiting. 
Finally,  the  hysterical  fit  can  often  be  reproduced  by  medical  (especi- 
ally hypnotic)  suggestion,  and  then  promptly  made  to  disappear  by  the 
same  means,  whereas  a  true  epileptiform  attack  cannot  be  induced  by 
suggestion. 

But  we  must  remember  that  sometimes  we  have  hysterical  fits 
which  are  post-epileptic — i.e.  which  immediately  succeed  an  attack 
of  true  epilepsy.  The  antecedent  epileptic  fit  in  such  cases  is  usually 
of  the  "  petit-mal "  type,  consisting  perhaps  in  a  mere  transient  pallor 
of  the  face,  with  momentary  loss  of  consciousness,  and  then  passing 
directly  into  a  hysterical  fit.  Therefore,  in  every  case  it  is  important 
to  inquire  very  carefully  as  to  the  precise  mode  of  onset,  lest  we  over- 
look a  case  of  combined  epilepsy  and  hysteria. 

Charcot's  "  grande  hyslerie,"  with  its  initial  period  simulating 
epilepsy  and  its  subsequent  phases  of  contortions,  kicking,  and  strug- 
gling (clownism),  aUiludes  passionees  (opisthotonos,  crucifixion  attitude, 
etc.),  and  delirium,  often  with  hallucinations  of  animals,  is  rare  in  this 
coimtry,  and  nowadays  it  is  uncommon  even  in  France ;  but,  once  seen, 
it  is  a  magnificent  performance  and  can  never  be  forgotten.  It  is 
totally  unlike  any  kind  of  epileptic  or  organic  fit,  and  its  diagnosis  is 
easy.  It  may  last  from  a  quarter  of  an  hour  to  several  hours  at  a  time. 
It  can  usually  be  arrested  by  energetic  faradism,  by  dashing  cold  water 
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on  the  face  and  chest,  or  by  tlie  hypodermic  administration  of  apomor- 
phine.  This  "status  hystericus"  is  commoner  than  the  "status 
epilepticus,"  but  the  patient,  although  perhaps  a  little  tired,  has  no 
subsequent  stupor  such  as  that  which  succeeds  a  severe  epileptic  lit. 

Amongst  other  varieties  of  iits,  to  which  we  can  only  briefly  refer, 
we  may  mention  caUdeysij^  in  which  the  patient  suddenly  becomes 
speechless,  motionless,  and  stiff.  Sometimes  she  is  conscious  all  through 
the  lit,  at  other  times  she  is  in  a  dreamy  mental  state.  Meanwhile,  if 
the  limbs  be  passively  moved  into  any  postiure,  however  fantastic,  they 
remain  fixed  there  like  a  doll's  limbs.  I  remember  a  case  in  which  the 
patient,  a  woman  of  28,  could  be  lifted  up  during  the  attack  by  the 
head  and  heels  and  laid  across  two  chairs  like  a  log.  Catalepsy  in  its 
most  severe  form  is  also  met  with  in  dementia  prsecox. 

Hysterical  trance  may  come  on  spontaneously,  or  may  succeed  a 
hysterical  paroxysm.  It  is  a  condition  in  which  the  patient  a2)pears 
as  if  in  a  deep  sleep ;  but  the  muscles  are  seldom  completely  relaxed, 
and  we  may  observe  slight  tremors  of  the  eyelids.  In  more  severe  cases 
the  heart  and  respiration  may  become  so  feeble  and  slow  that  the 
condition  simulates  death.  Hysterical  trance  may  last  hours,  days,  or 
weeks;  and  several  cases  have  been  authenticated  in  which  such  a 
patient  has  been  buried  alive,  either  deliberately,  as  in  the  case  of  some 
Indian  fakirs,  or  by  accident  in  this  comitry.  Novelists  know  this,  and 
when  the  heroine  is  thus  buried,  she  is  exhumed  in  the  last  chapter 
by  the  villain  for  the  sake  of  a  magnificent  diamond  ring  on  her 
finger;  whilst  her  finger  is  being  cut,  to  get  the  ring  off,  the  patient 
awakes. 

We  can  only  mention  other  varieties,  such  as  somnambulism  and 
double  consciousness  ;  this  latter,  when  in  extreme  degree,  being  a 
condition  in  which  the  patient's  character  alternates  between  normal 
and  abnormal,  the  two  individualities  being  mutually  unconscious  of 
each  other,  but  each  one,  as  its  turn  comes,  takes  up  the  thread  where 
it  had  previously  left  off.  • 

A  minor  degree  of  double  consciousness  can  be  demonstrated,  by  a 
simple  experiment,  in  many  cases  of  hysteria  in  which  there  happens  to 
be  liysterical  aiitesthesia  of  the  upper  limb.  If  in  such  a  case  we  screer. 
the  anaesthetic  limb  from  the  patient's  view,  she  does  not  feel  pin-pricks 
or  touches  on  the  limb,  nor  does  she  recognise  familiar  objects  when  placed 
in  the  hand.  But  if  a  pencil  be  placed  in  the  "  screened  "  hand,  it  is  graspetl 
in  a  position  suitable  for  writing,  and  if  we  now  trace  a  letter  or  a  word 
on  the  back  of  the  aruesthetic  hand  (the  patient's  attention  meanwhile 
being  diverted  by  another  observer)  this  letter  or  word  is  reproduced  in 
writing,  entirely  unknown  to  the  patient's  consciousness.  Analogous 
sub-conscious  phenomena  can  be  demonstrated  in  many  apparently  normal 
people  by  means  of  a  small  wheeled  jilatform  or  "planchette"  carrying 
a  pencil. 

25 
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We  also  meet  with  a  hysterical  type  of  amnesia  with  ambulatory 
autotnatism  where  the  patient  (more  often  a  man  than  a  woman)  has 
attacks  in  which,  without  adequate  motive,  he  has  a  sudden  and 
irresistible  impulse  to  wander  from  home.  He  makes  a  long  journey, 
sometimes  undergoing  great  hardships  en  route.  Finally,  days,  weeks, 
or  even  months  afterwards,  he  suddenly  wakes  up  in  some  strange  town 
or  country,  entirely  unaware  of  how  he  got  there.  For  example,  I  have 
known  of  a  boy  who  disappeared  from  school  in  this  way,  of  a  young 
officer  who  deserted  from  his  regiment,  and  of  a  business  man  who  left 
his  wife  and  family,  in  all  these  cases  without  any  adequate  cause. 
These  cases  are  closely  related  to  the  somnambulistic  stage  of  the 
hypnotic  trance,  and  if  such  a  patient  he  hypnotised  he  becomes  able 
to  give  a  complete  account  of  his  wanderings  from  the  moment  of  his 
disappearance  to  the  time  when  he  woke  up  and  "  found  himself." 
The  diagnosis  between  hysterical  and  post-epileptic  ambulatory 
automatism,  to  which  we  have  already  referred  (p.  69),  is  not  always 
easy.  We  should  carefully  inquire  for  evidences  of  epilepsy,  major 
or  minor,  we  should  look  for  the  presence  of  other  hysterical 
phenomena,  whilst  the  reconstruction  of  the  "lost"  period  of  time  when 
in  the  hypnotic  trance  is  highly  suggestive  of  its  hysterical  origin. 

Various  localised  motor  disturbances  also  occur  in  hysteria  and 
psychasthenia.  Such,  for  example,  is  the  large  group  of  "  tics  "  and 
"  habit  spasms  "  which  we  have  already  studied  (p.  89).  A  true  tic 
is  essentially  and  primarily  a  psycho-motor  act,  either  an  emotional 
expression  or  a  movement  which  has  become  a  habit.  Of  these  tics, 
the  commonest  are  grimaces,  jerkings  of  the  head,  trunk,  or  limbs,  and 
tremors  of  various  parts,  rapid  or  slow. 

Thus,  for  example,  a  lady's  maid,  aged  46,  had  tonic  spasm  of  the 
orbicularis  oculi  on  both  sides  (blepharospasm),  and  could  open  her  eyes 
only  by  opening  the  mouth  as  well.  Another  girl,  aet.  19,  had  a  clonic  or 
jerking  paroxysmal  blepharospasm,  associated  with  "  humping  up " 
of  one  foot.  Another  girl  of  19  had  rapid  "  twiddling  "  movements  of  the 
left  thiunb  and  fingers,  with  pronation-supination  movements  of  the 
forearm  and  a  pseudo-clonus  of  the  left  ankle.  Another  girl,  aged  20, 
who  previously  had  suffered  long  from  recurrent  vulval  abscesses,  had 
attacks  of  rapid  antero-posterior  movements  of  the  pelvis.  Another 
patient  had  rapid  violent  flexion-extension  movements  of  the  left  elbow 
whenever  a  thunderstorm  occurred,  the  hand  meanwhile  dangling  loosely 
at  the  wrist. 

Such  cases  of  localised  motor  disturbances  might  be  multiplied 
almost  ad  infinitum.  The  tremors  which  occur  in  war-neuroses  will  be 
considered  in  a  later  chapter  (pp.  551  and  555). 

Hysterical  Paralysis  may  be  e\t\iQT flaccid  in  type,  simulating  a  lower 
motor  neurone  lesion,  or  spastic,  simulating  an  upper  motor  neurone 
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lesion.  It  may  affect  auy  of  the  voluntary  muscles ;  but,  unlike  paralysis 
due  to  organic  lesions,  it  never  attacks  a  single  muscle  nor  the  muscles 
supplied  by  a  single  nerve,  nor  are  the  electrical  reactions  of  degenera- 
tion ever  present.  A  further  point  about  hysterical  paralysis  is  that, 
though  it  may  roughly  resemble  the  posture  of  an  organic  paralysis,  it 
never  does  so  with  accuracy;  there  is  always  some  point  of  difference 
to  be  detected.  The  reason  for  this  we 
have  already  discussed  (p.  208). 

Let  us  study  examples  of  hysterical 
monoplegia,  or  paraplegia,  and  of  hemi- 
plegia. 

Fig.  21G  is  that  of  a  nurse,  aged  32,  with 
liysterical  monoplegia  of  the  right  arm  of 
eight  months'  duration,  in  whom  there  was 
extreme  muscular  wasting  and  claw-hand. 
This  paralysis  came  on  after  a  strain  of  the 
shoulder  in  lifting  a  heavy  patient,  and 
roughly  resembled  a  lesion  of  the  brachial 
plexus.  But  we  observed  that  the  trapezius 
was  paralysed,  and  that  the  whole  scapula 
was  displaced  downwards  —  unlike  an  or- 
ganic brachial-plexus  case,  in  which  the  arm 
woidd  be  displaced  downwards  only  at  the 
shoulder- joint.  Moreover,  the  electrical  re- 
actions were  normal  in  the  wasted  muscles, 
and  there  was  a  "  glove  "  of  anaesthesia, 
unlike  the  "  root  "  anaesthesia  of  an  organic 
case.  The  patient  was  treated  for  several 
weeks  by  battery  and  massage,  without 
effect  at  first,  but  the  result  proved  our 
diagnosis  to  be  correct,  for  subsequently 
at  a  reUgious  meeting  she  was  suddenly 
cured.* 

Fig.  217  shows  a  case  of  hysterical  monoplegia  of  the  left  ujjper  limb 
in  a  young  man  of  21  who  was  screwing  on  the  bulb  of  an  electric  lamp 
when  the  current  became  short-circuited,  the  bulb  bm'st,  and  he  had  a 
sudden  electric  shock  through  the  left  hand.  When  examined  nine  months 
after  this  accident,  there  was  total  flaccid  paralysis  and  complete  anaesthesia 
of  the  left  upper  limb,  which  dangled  helplessly  in  a  flail-like  fashion. 
The  latissimus  dorsi,  however,  although  paralysed  for  voluntary  move- 
ments, contracted  briskly  w^hen  coughing.  All  the  muscles  of  the  limb 
reacted  briskly  to  faradism. 

In  spite  of  assiduous  suggestive  treatment  of  various  kinds  in  hospital 
(including  powerful  electrical  stimulation,  the  appUcation  of  cutaneous 
irritants,  and  attempts  at  hypnotic  suggestion),  no  improvement  occurred. 
Eleven  months  after  the  onset  of  his  symptoms,  before  discharging  the 
patient,  it  was  decided  to  try  the  effect  of  a  general  ansesthetic  in  the  hope 
of  loosening  his  obsession  during  the  stage  of  excitement.  The  result  was 
dramatic.     Within  a  few  seconds  after  commencing  the  inhalation  of  ether 

^  An  aaalogous  case  is  recorded  by  St.  Luke,  chap.  tI.,  verses  G-10. 


Fig.  21G.  —  Hysterical  mono- 
plegia of  right  upijer  limb, 
accompanied  by  muscular 
atrophy,  but  without  changes 
in  electrical  reactions. 
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and  nitrouB  oxidi',  freely  mixed  with  air,  tlie  patient  began  to  move  the 
paralysed  limb,  and  in  a  short  time  he  was  lighting  violently  witii  it.  The 
ancPsthetic  was  then  discontinm'd,  and  the  patient  passed  into  a  hypnotic 
state,  during  which  voluntary  movements  of  the  previously  paralysed 
limb  were  normally  exuuted  in  obedience  to  verbal  commands,  accom- 
panied by  occasional  painfid  stimidi,  such  as  twisting  the  ear,  pricking  the 
previously  aniesthetic  limb,  etc.  It  was  then  suggested  to  liiui  that  all 
his  motor  and  sensory  disability  shoidd  disappear,  and  as  the  effects  of 
the  ether  passed  ofi,  this  was  found  to  be  actually  the  case.     Ever  after  the 


riG.  217. 


FlQ.  218. 


Fig.  217. — Hysterical  paralysis  and  auassthcsia  of  left  upju-r  liiiilj,  uf  eleven  moullib' 
duration.     Patient  trying  to  shrug  both  shuulder.s, 
Fici.  218. — The  same  patient  after  cure. 

foregoing  seance  he  remained  able  to  move  his  limb  normally,  the  anass- 
thesia  also  remaining  absent  (see  Fig.  218). 

Figs.  207  and  207a  are  from  a  case  of  hysterical  flaccid  paraplegia 
of  fourteen  years'  duration  in  a  woman  of  37,  which  at  first  sight  might 
be  mistaken  for  a  cord-lesion  with  muscular  atrophy  and  anaesthesia. 
But  the  anaesthesia  was  of  the  "  stocking  "  type,  the  reflexes,  deep  and 
superficial,  and  the  electrical  reactions  were  normal,  the  sphincters  were 
unaffected,  and  there  were  no  bed-sores;  and  the  result  of  six  weeks'  isola- 
tion with  curative  suggestions  and  massage  waii  to  restore  the  power  of 
walking  (Fig.  208). 

In  some  cases  of  hemiplegia  the  posture  is  suflicieut  to  diagnose 
hysteria.    For  example,  in  the  patient  shown  in  Figs.  130  and  131 
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(p.  269),  instead  of  the  ordinary  posture  of  an  organic  case,  with  the 
upper  extremity  flexed  and  pronated,  the  lower  extremity  flexed  at 
the  hip,  extended  at  the  knee  and  ankle,  and  slightly  inverted,  there 
was  a  curious  posture  of  the  hand  and  foot  unlike  that  of  organic 
disease.  Moreover,  her  face  entirely  escaped,  in  spite  of  the  severe 
paralysis  of  the  arm  and  leg;  and  she  had  hemi-anaesthesia  and  loss  of 
special  senses  down  one  side,  a  combination  which  never  occurs  in 
organic  hemiplegia. 


Fro.  210.  -Loft-sulofl  ^losso-lnbial  liemi-spasm. 

The  face  and  tongue  are  rarely  affected  in  hysterical  hemiplegia. 
But  in  certain  cases  we  may  find,  instead  of  weakness,  spasm  of  the 
face  and  tongue  on  the  affected  side,  when  the  patient  shows  the  teeth 
or  protrudes  the  tongue.  This  hysterical  glosso-lahial  hemi-sfasm  is 
rare,  but  Figs.  219  and  133  (p.  270)  are  good  examples  of  the  con- 
dition. 

We  may  also  refer  to  "  Lasegue's  symptom  "  (Nothnagel's  "  Seelen- 
Idhnung  ")  in  which  a  patient  with  an  anaesthetic  limb  cannot  move  it 
when  the  eyes  are  closed,  but  is  able  to  move  it  when  she  opens  her  eyes 
and  looks  at  it. 
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I  Another  feature  worthy  of  mention  is  hysterical  pseudo-ptosis.  In 
organic  ptosis  due  to  lesion 'of  the  third  cranial  nerve  there  is  almost 
always  a  compensatory  over-action  of  the  frontalis  muscle.  But  in 
hysterical  pseudo-ptosis  this  is  usually  absent,  and  the  condition  is 


Fir,.  2-20. 


Fio.  -^-iOA. 


Fig.  220. — Astasia-abasia  of  twelve  months'  duration. 
Fia.  220a. — The  same  patient  five  minutes  later. 

really  due,  not  to  paralysis  of  the  levator  palpebrse,  but  to  spasm  of  the 
orbicularis  oculi  (see  Fig.  66,  p.  133). 

Before  leaving  the  motor  phenomena  of  hysteria,  it  may  be  well  to 
refer  to  the  gaits  of  hysterical  and  psychasthenic  patients,  which  are 
sometimes  most  peculiar. 

Aslasia-ahdsia  is  a  hysterical  condition  in  which,  although  the 
patient  can  move  his  legs  normally  when  lying  or  sitting,  he  collapses 
at  once  when  he  tries  to  stand  or  walk.     Children  are  more  often 
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affected  than  adults,  but  in  war-time  it  is  a  frequent  type  of  hysteria 
in  soldiers,  following  the  emotional  shock  of  a  shell-explosion.  A  little 
girl,  aged  10,  had  this  symptom  for  twelve  months  (see  Fig.  220),  but 
was  cured  in  a  couple  of  minutes  by  an  application  of  high-frequency 
sparks  in  a  darkened  room,  accompanied  by  the  suggestion  that  she 
could  now  walk  (Fig.  220a).  One  patient,  a  doctor  aged  55,  used  to 
flourish  his  left  leg  in  the  air  and  bring  it  down  with  a  stamp  like  that 
of  a  unilateral  locomotor  ataxia.  This  phenomenon,  an  ambulatory 
tic,  was  so  dramatic  that  he  had  to  carry  a  stick  to  beat  off  the  crowds 
of  little  boys  who  studied  his  gait  in  the  streets.  Another  patient  was  a 
worthy  married  lady  who  every  now  and  then,  when  walking,  sat  down 
suddenly  on  the  ground,  rolled  backwards  and  spread  out  her  lower 
limbs  like  the  letter  V. 

Roughly  resembling  astasia- abasia  is  the  condition  termed  staso- 
haso-fhobia^  in  which  the  patient,  following  an  emotional  shock  (say  a 
shell-explosion),  not  merely  has  difficulty  in  walking,  as  in  ordinary 
astasia-abasia,  but  has  acute  emotional  phenomena  when  he  is  placed 
upright  and  told  to  make  the  attempt.  He  is  excessively  afraid,  and 
his  anxiety  may  amount  to  positive  terror.  He  is  pale,  tremulous  and 
bathed  in  perspiration,  complains  of  giddiness  and  begs  to  be  held  up, 
being  acutely  afraid  of  falling.  He  clutches  desperately  at  surrounding 
persons  or  objects.  Sometimes,  when  supported  on  both  sides,  his 
lower  limbs  drag  helplessly  along  the  ground  or  he  may  timidly  move 
them,  carefully  avoiding  bearing  his  own  weight. 

This  condition  is  essentially  an  obsession,  or  phobia  of  walking,  and 
should  be  classed  under  the  heading  of  psychasthenia  rather  than  of  true 
hysteria. 

Perhaps  the  commonest  hysterical  gait  is  a  dragging  gait,  in  which 
the  patient  trails  the  limb  helplessly  along,  often  scraping  the  inner 
border,  or  even  the  dorsum  of  the  foot,  on  the  ground,  unlike  organic 
hemiplegia  in  which  the  outer  side  of  the  sole  is  dragged. 

A  girl  of  20  woke  up  one  morning  and  suddenly  found  her  left  foot 
stiffly  inverted  at  the  ankle.  The  heel  then  gradually  became  drawn  up, 
in  the  course  of  months,  so  that  it  assumed  the  posture  of  equino- varus. 
An  enterprising  surgeon  divided  the  tendo  Achillis,  but  the  deformity 
persisted  and  the  toes  gradually  became  flexed  into  the  sole.  When 
seen  at  the  age  of  24,  she  had  a  typical  hysterical  "  stocking  "  anaes- 
thesia of  the  left  leg  (see  Fig.  221).  She  walked  with  crutches,  resting 
her  entire  weight  on  the  right  leg.  She  was  able  to  stand  alone  on  the 
right  foot,  but  the  left  lower  limb  was  slightly  flexed  at  the  hip  and 
knee,  so  that  the  left  foot  did  not  touch  the  ground.  There  was  total 
paralysis  of  the  left  ankle  and  toes,  with  slight  wasting  of  all  the  muscles 
below  the  knee,  but  without  electrical  changes. 
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Some  authorities  state  that  muscular  atrophy  does  not  occur  in  a 
hysterical  limb.  But  this  is  not  accurate,  for  in  certain  rare  cases,  one 
of  which  is  shown^in  Fig.  216,  we  may  meet  with  profound  atrophy. 

But  this  atrophy  is  due  to  disuse 
and  is  not  associated  with  the  elec- 
trical reactions  of  degeneration. 

Contractures  of  the  most  pro- 
nounced type  may  be  met  with  in 
hysterical  paralysis.  But  here, 
again,  they  always  differ  in  some 
respect  from  those  of  organic  cases. 
Carefully  to  be  distinguished 
from  hysterical  palsies  are  the 
curious  varieties  of  reflex  paralysis 
following  traumata  of  the  limbs, 
especially  after  war-injuries,  but 
also  from  injuries  in  time  of 
peace.  * 

The  motor  disability  in  reflex 
paralysis  is  usually  incomplete. 
The  intensity  of  the  paralysis  is 
not  necessarily  proportional  to  the 
severity  of  the  antecedent  trauma ; 
the  most  trivial  injuries  sometimes 
cause  well-marked  clinical  signs, 
which  may  extend  proximally 
above  the  site  of  injury.  As  a 
rule,  however,  reflex  palsies  are 
most  marked  at  the  periphery  of 
the  limb.  Perhaps  the  most  fre- 
quent cases  are  those  which  follow 
slight  injuries  in  the  region  of  the 
thigh  or  hip-joint. 

The  phenomena  may  appear 
immediately  after  the  injury.  More 
often  they  are  not  noticed  until 
several  weeks  later.  They  may  persist  for  many  weeks  or  even 
months. 

A  patient  with  an  injury  of  this  sort  finds  that  the  affected  limb 
does  not  recover  its  normal  power,  but  remains  weak  and  sometimes 
painful.  The  weakness  is  often  grossly  disproportional  to  the  slightness 
of  the  original  trauma.  It  may  be  either  spastic  or  flaccid  in  type,  or 
some  muscle-groups  may  ])e  hyper-tonic,  wliilst  others  are  hypo-tonic. 


Vic. 


221. — Hysterical    contracture   of 
left  foot. 
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There  is  usually  a  slight  degree  of  diffuse  muscular  wasting,  but  without 
changes  in  electrical  reactions,  save  perhaps  a  slight  quantitative 
increase  or  diminution  of  faradic  excitability. 

The  affected  limb,  or  part  of  the  limb,  is  usually  colder  than  on  the 
healthy  side.  The  difference  in  surface-temperature  between  the  two 
limbs  may  amount  to  as  much  as  12°  or  15°  F.  (8-5°  C).  The  systolic 
blood-pressure  is  the  same  in  both  limbs,  but  the  amplitude  of  oscilla- 
tions, as  shown  by  a  manometer,  is  much  diminished  and  may  be  almost 
imperceptible  on  the  affected  side. 

The  muscles  and  nerve-trunks  of  the  affected  limb  are  hyper- 
excitable  to  direct  percussion  and  the  muscle-wave  is  abnormally 
prolonged.  The  deep  reflexes  are 
somewhat  increased.  This  hyper- 
excitability  of  the  muscles  and  of  the 
deep  reflexes  is  proportional  to  the 
degree  of  hypothermia.  In  doubtful 
cases  they  can  be  rendered  manifest 
by  plunging  the  limbs  into  cold  water, 
when  the  deep  reflexes  on  the  affected 
side  are  at  once  increased.  This  ex- 
aggeration of  deep  reflexes  in  the 
affected  limb  persists  even  wIumi 
all  the  muscles  are  relaxed  durijig 
chloroform  anaesthesia. 

The  condition  is  influenced  only 
partially,  if  at  all,  by  psycho- 
therapy or  suggestion,  but  tends 
ultimately  to  spontaneous  recovery. 
Babinski  and  Froment,^  who 
originally  described  the  condition, 
call  it  "  physiopathic,"  i.e.  it  is 
functional,  but  not  in  the  sense  of 
being  psychogenic  in  origin  like 
hysteria.  Sometimes  reflex  paralysis  is  combined  with  hysterical 
contracture  or  with  hysterical  paralysis.  In  such  cases  the 
hysterical  element  can  be  removed  by  suggestion,  but  the  reflex 
muscular  wasting  may  persist  for  months  or  even  years.^ 

Fig  222  is  the  photograph  of  a  soldier,  aged  32,  whose  horse  rolled  on 
111  in  at  the  Tugela  in  lOrK),  })ruising  the  left  elbow.  He  afterwards  de- 
vt'loptHl  a  spastic  left  arm,  flexed  at  the  elbow  and  wrist,  and  with  the 
thumb  and  index  finger  held  stiflly  parallel.  At  that  time,  we  diagnosed 
the  condition  as  hysterical,  owing  to  the  absence  of  signs  of  any  organic 

1  Babinski  and  Promsnt,  Reoue.  neurologiqiie,  1915,  p.  975,  and  1916,  p.  410. 

2  Vincent,  Reime  nenrolojiqup,  1918,  p.  460. 


Fro.  222. — Contracture  of  the  left 
hand  and  elbow,  following  an  injury 
to  the  elbow. 
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lesion.  No  note  was  made  as  to  the  temperature  of  the  limb.  Now, 
however,  in  the  light  of  more  modern  knowledge,  it  seems  a  probable  case 
of  reflex  paralysis. 

A  study  of  the  reflexes  is  of  great  importance  in  the  diagnosis 
between  hysteria  and  organic  disease.  The  deep  reflexes  in  hysteria 
are  normal  or  exaggerated,  and  sometimes  accompanied  by  a  feeling 
of  acute  indescribable  discomfort.  In  pure  hysteria  they  are  never 
lost,  although  sometimes  they  may  be  "  concealed  "  by  the  presence  of 
muscular  spasm.  True  ankle-clonus  does  not  occur,  but  a  pseudo- 
ankle-clonus  is  often  met  with.  In  a  girl  of  19,  the  subject  of  thread- 
worms and  pruritus  ani,  this  pseudo-clonus  used  to  come  on  spontane- 
ously when  sitting  or  standing  at  ease.  One  can  often  distinguish  it 
from  a  true  organic  clonus  by  its  irregular  rhythm  and  by  the  peculiar 
upward  start  of  the  foot  before  it  sets  off  on  its  first  downward  push. 
Further,  pseudo-clonus  is,  as  a  rule,  poorly  sustained. 

The  superficial  reflexes  are  sometimes  diminished,  especially  on  the 
hemi-anaeathetic  side.  The  pharyngeal  reflex  is  frequently  abolished. 
The  plantar  reflex  in  hysteria,  if  present,  is  always  of  the  normal  flexor 
t3rpe,  never  of  the  extensor  or  Babinski  type.  A  persistent  extensor 
plantar  reflex  only  occurs  in  cases  of  disease  of  the  pyramidal  tracts, 
and  in  infants  who  have  not  learned  to  walk  and  in  whom  the  pyramidal 
tracts  are  not  yet  myelinated. 

The  pupil-reflex  to  light  is  never  lost  in  pure  hysteria,  though  in 
rare  cases  it  may  be  "  concealed  "  by  the  presence  of  pupillary  spasm. 
I  remember  one  case  of  fixed  dilated  pupils  in  a  hysterical  woman,  but 
this  was  due  to  the  taking  of  belladonna  by  the  patient. 

Another  useful  test  is  afforded  by  Leri's  forearm  sign}  This 
consists  in  an  involuntary  flexion  movement  of  the  elbow  when  the 
observer  passively  flexes  the  fingers  and  wrist,  rolling  them  up,  as  it 
were.  In  organic  hemiplegia  this  forearm  sign  is  lost,  whereas  in 
health  and  in  hysterical  paralysis  it  remains  positive. 

As  to  the  bladder  and  rectum,  although  we  may  have  frequency 
of  micturition  in  hysteria,  we  never  have  true  incontinence.  In  war- 
time, however,  some  hysterical  soldiers  develop  a  pseudo-incontinence 
of  urine,  characterised  by  frequency  of  micturition  night  and  day. 
Superadded  neglect,  conscious  or  subconscious,  may  cause  such  a 
patient  to  be  constantly  wet  with  urine,  so  that  he  is  a  nuisance  to  him- 
self and  still  more  to  his  comrades.  Some  of  these  cases  arise,  in  the 
first  instance,  from  the  emotional  shock  of  a  shell-explosion ;  others 
develop  spontaneously  in  patients  who  suffered  from  enuresis  in  child- 
hood. In  all  cases  we  must  be  careful  to  exclude  organic  lesions  of  the 
urinary  apparatus,  also  of  the  cauda  equina  or  conus  meduUaris,  before 
diagnosing  the  condition  as  hysterical. 

1  Rt-vxie  neurologique,  March  15,  1913. 
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Retention  of  urine,  on  the  other  hand,  is  a  fairly  common  symptom. 
It  once  broke  out  as  an  acute  epidemic  in  a  school  for  young  ladies,  and 
continued  until  the  doctor  judiciously  handed  over  the  duty  of  cathe- 
terisation  to  a  female  nurse  of  mature  years.  The  symptom  promptly 
subsided  in  a  gratifying  manner. 

Visceral  and  Vaso-motor  Phenomena. — It  is  important  to  re- 
member that  acute  emotions  manifest  themselves  in  normal  individuals 
not  only  by  psychical  and  motor  phenomena,  but  also  by  transient 
visceral  and  vascular  reflexes.  It  is  therefore  readily  understood  why 
hysterical  patients,  being  specially  sensitive  to  emotional  stimuli, 
should  ocasionally  show  vegetative  symptoms.  Let  us  refer  very 
briefly  to  some  of  the  visceral  and  vascular  phenomena. 

We  may  meet  with  abnormal  rapidity  of  the  heart,  with  paroxysmal 
palpitation,  constituting  a  variety  of  pseudo-angina,  especially  in 
hysterical  or  neurasthenic  young  mothers  who  have  been  lactating  too 
long.  The  actual  attack  is  usually  induced  by  the  revival  of  some 
emotion,  and  the  condition  is  easily  distinguished  from  true  angina  by 
the  absence  of  signs  of  organic  cardio-vascular  disease. 

In  the  digestive  system  we  meet  with  curious  hysterical  phenomena. 
Aerophagy,  or  swallowing  of  air,  is  achieved  chiefly  by  gulping  move- 
ments of  the  pharynx.  I  remember  a  little  schoolboy  who  could 
swallow  air  and  distend  his  abdomen  till  his  waistcoat  could  not  be 
buttoned.  We  are  all  familiar  with  hysterical  dysphagia  or  spasm 
of  the  oeiophagus,  with  its  sudden  intermissions  and  the  difficulty 
experienced  equally  with  liquids  and  with  solids,  in  which  nevertheless 
a  large  stomach-tube  can  be  easily  passed.  The  hysterical  "  globus  " 
or  "  ball  in  the  throat,"  which  the  patient  tries  to  swallow,  is  an  emo- 
tional phenomenon  often  met  with  at  the  onset  of  a  hysterical  paroxysm. 
Hysterical  vomiting  has  always  to  be  excluded  in  gastric  disorders  of 
young  women.  The  so-called  "pernicious"  vomiting  of  pregnancy 
is  often  hysterical  in  character,  due  to  the  perpetuation,  by  auto- 
suggestion, of  the  physiological  vomiting  of  the  first  few  weeks  of  preg- 
nancy. Hysterical  vomiting  is  also  met  with  occasionally  in  hysterical 
soldiers.  The  patient,  who  shows  no  other  sign  of  organic  gastric 
disease,  and  whose  general  nutrition  is  generally  good,  eats  with  a 
good  appetite  but  vomits  several  times  a  day.  The  vomiting  occurs 
without  effort,  and  is  unaccompanied  by  the  nausea  or  collapse  of  a  true 
stomach  case.  Sometimes  there  is  regurgitation  of  food  rather  than 
actual  vomiting.  Hysterical  vomiting  is  sometimes  associated  with 
anorexia  nervosa^  where  the  patient  will  take  hardly  any  food.  "  Fast- 
ing girls,"  of  whom  we  now  and  then  read  in  the  newspapers,  are 
generally  examples  of  this  kind  of  hysteria.  They  may  become  extra- 
ordinarily emaciated,  but  even  they  do  take  a  little  food  now  and  then. 
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Rhythmic  movements  of  the  stomach  or  intestine  accompanied 
by  curious  rumbling  noises  are  sometimes  met  with.  They  are  usually 
vagotonic  neuroses.  The  commonest  variety  is  the  intestinal,  and  at 
dinner-parties  one  sometimes  hears  these  noises  in  nervous  young 
servant-maids  waiting  at  table.  Much  less  frequently  we  hear  violent 
gastric  borborygmi.  One  young  girl  whom  I  saw  had  constant,  noisy 
to-and-fro  gurgling  in  the  upper  part  of  the  abdomen,  like  a  steam- 
pump,  and  on  palpating  the  abdomen  the  stomach  could  be  felt 
rhythmically  contracting  and  relaxing,  blowing  and  sucking  air  back- 
wards and  forwards.  This  phenomenon  was  so  startling  to  strangers 
that  the  unfortunate  girl  had  to  retire  to  her  own  room  if  friends  came 
to  call  on  the  family.  .Somewhat  similar  abdominal  noises  in  another 
hysterical  patient,  a  lad  of  19,  were  apparently  produced  by 
spasmodic  contractions  of  the  diaphragm,  for  they  ceased  when  he 
drew  a  deep  breath  and  held  it. 

The  artiste  who  earned  an  honest  living  at  a  Parisian  music-hall  by 
making  musical  noises  with  his  anus  was  probably  another  example  of 
visceral  hysteria. 

Hysterjcal  rapidity  of  breathing  is  often  accompanied  by  dramatic 
groaning  or  moaning  noises,  but  is  unassociated  with  cyanosis  or  other 
physical  sign  of  pulmonary  or  cardiac  disease.  Meanwhile  the  rate 
of  the  heart-beat  is  not  noticeably  increased.  These  paroxysms  of 
hysterical  tachypnoea  are  always  worst  in  the  presence  of  sympathetic 
observers  and  rarely  or  never  occur  when  the  patient  is  alone. 

We  must  also  bear  in  mind  the  pseudo-pregnancies  which  now  and 
then  occur,  in  which  spurious  enlargement  of  the  abdomen  sometimes 
goes  on  to  a  spurious  labour.  Then  "  parturiunt  montes,  nascitur 
ridiculus  mus" — all  that  is  produced  being,  at  the  most, a  small  uterine 
cast.  Phantom  abdominal  tumours  can  best  be  differentiated  from 
genuine  ovarian  or  uterine  enlargements  by  giving  a  general  anaesthetic, 
when  the  abdomen  at  once  collapses. 

It  is  sometimes  more  difficult  to  diagnose  pseudo-appendicitis. 
Thus  one  patient  whom  I  saw,  aged  33,  had  had  her  abdomen  opened 
twice  in  different  London  hospitals  for  supposed  appendicitis,  the 
symptoms  being  those  of  recurrent  pain  and  tenderness  in  the  right 
iliac  fossa,  with  constipation  and  vomiting.  But  she  had  also  right- 
sided  hemi-ansesthesia,  with  loss  of  special  senses  all  down  that  side. 
We  were  thus  led  to  suspect  the  hysterical  nature  of  the  abdominal 
symptoms,  and  accordingly  her  next  attack  was  cured  by  sal  volatile, 
without  laparotomy,  and  she  has  had  none  since. 

Hysterical  diarrhoea  of  emotional  origin  sometimes  occurs,  as  in  the 
case  of  a  public  speaker  who  was  often  attacked  in  this  awkward  way 
just  when  his  turn  arrived  to  address  the  audience.     Cases  like  this  are 


THE  NEUROSES  397 

transient  and  imaccompauied  by  fever,  anorexia,  or  general  malaise, 
a«  in  diarrhoea  from  organic  causes. 

Spontaneous  haemorrhages  have  been  described  in  hysteria,  but  the 
proof  of  their  existence  is  unconvincing.  A  certain  number  of  cases  of 
pseudo-hajmoptysis  and  pseudo-haematemesis  occur.  In  one  girl, 
otherwise  healthy,  whom  I  watched,  the  phenomenon  seemed  to  be 
produced  by  sucking  of  the  gums;  in  another  it  was  apparently  the 
result  of  pharyngeal  suction. 

Sometimes  a  limb  affected  by  hysterical  paralysis  or  anaesthesia 
may  show  abnormal  vasomotor  spasm,  so  that  if  pricked  or  cut  it 
bleeds  less  freely  than  normal.  This  is  readily  demonstrated  in  patients 
during  the  hypnotic  trance.  A  soldier  at  the  battle  of  Ypres  was 
presenting  his  rifle  to  fire,  when  it  was  struck  by  a  shell  without 
wounding  the  man.  He  at  once  developed  hysterical  paralysis  of  the 
uj)per  and  lower  limbs,  of  flaccid  type,  and  without  sphincter  trouble, 
lasting  for  several  weeks;  this  was  accompanied  by  coldness  and 
cyanosis  of  the  hands  and  feet,  the  radial  pulses  being  impalpable. 
All  the  symptoms  gradually  disappeared. 

Secretory  phenomena  have  been  described,  as  for  example  blood- 
stained tears  or  blood-stained  sweat  or  mammary  secretion,  which  may 
be  unilateral.  Personally  I  have  not  yet  met  with  a  case  of  this  sort. 
Transient  polyuria  often  occurs  after  a  hysterical  fit,  whereas  the  occur- 
rence of  hysterical  anuria  or  suppression  of  urine  is  more  than  doubtful. 

Certain  skin  affections  have  been  described  in  hysterical  patients. 
Cutaneous  haemorrhages  are  generally  the  result  of  volmitary  trauma- 
tism. Bed-sores  do  not  occur.  The  gangrenous  patches  described 
as  hysterical  gangrene  are  always  self-inflected,  by  means  of  caustics 
or  other  methods  (see  Fig.  142,  p.  278).  Hysterical  blue  oedema, 
described  as  occurring  especially  in  contractured  limbs,  is  generally  a 
fraudulent  phenomenon,  self-produced  by  the  patient,  who  ties  a 
constricting  band  around  the  limb.  It  usually  affects  the  skin  over  a 
joint  and  produces  a  degree  of  cyanosis  and  swelling,  but  this  swelling 
does  not  pit  on  pressure.  It  may  last  for  weeks  or  months,  and 
generally  disappears  suddenly.  Thus  in  a  case  recorded  by  Raymond, 
it  suddenly  cleared  up  when  the  patient  received  the  glad  stimulus 
of  an  unexpected  legacy. 

Dermographism  is  commoner  in  hysterics  than  in  normal  people. 
Fig.  223  is  an  excellent  example  in  a  girl  with  hysterical  tremor  of  the 
legs,  in  whom,  when  the  skin  was  stroked  with  the  finger-nail,  a  white 
raised  wheal  appeared  and  remained  for  an  hour  or  more.  This 
"  factitious  urticaria  "  or  "  urticaria  scripta,"  unhke  ordinary  urticaria, 
does  not  itch. 

Hysterical  cough  is  very  common;  it  is  usually  loud  and  hacking, 
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going  on  ail  Jay  and  ceasing  during  sleep.  It  is  not  accompanied  by 
expectoration,  and  is  commonest  in  young  liysterics.  We  may  have 
other  peculiar  moditicatioiLs  of  respiration.  Thus  in  a  girl  of  24  who 
had  hysterical  fits,  expiration  was  a  curious  grunting  noise  of  a  bigeminal 
type — two  grunts  between  each  inspiration.  We  also  meet  with 
paroxysmal  rapid  breathing,  sneezing,  hiccup,  and  yawning.  One  girl, 
aged  10,  the  subject  of  hysterical  hemi- anaesthesia,  yawned  persistently 


Tiu.  223. — Case  of  dermographism  in  a  hysterical  young  woman. 

for  three  weeks  during  her  waking  hours.     She  then  stopped  and  had  an 
attack  of  hysterical  mutism  lasting  for  two  months. 

When  hysteria  occurs  in  childhood  it  is  often  mono-symptomatic. 
Girls  are  much  more  frequently  affected  than  boys,  even  before  the 
age  of  puberty.  Perhaps  the  commonest  symptoms  of  hysteria  in 
childhood  are  astasia-abasia  and  hysterical  aphonia.  Various  forms  of 
habit-spasm  are  common  in  young  psychasthenics. 

The  diagnosis  between  hysteria  and  organic  disease  is  sometimes 
easy;  in  other  cases  it  is  a  matter  of  extreme  difficulty.    In  doubtful 
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cases  we  have  several  groups  of  signs  and  symptoms  on  which  to  fall 
back: — 

Firstly,  certain  physical  signs,  if  present,  are  conclusive  evidence  of 
structural  disease,  e.g.  optic  atrophy,  optic  neuritis,  changes  in  the 
cerebro- spinal  fluid,  the  presence  of  reactions  of  degeneration  in  cases 
with  nmscular  atrophy,  etc. 

Secondly,  there  are  reflex  and  other  phenomena  which  occur 
independently  of  voluntary  control,  e.g.  absence  of  the  pupillary  light 
reflex,  irregularity  or  marked  inequality  of  the  pupils,  loss  of  deep 
reflexes,  ])resence  of  true  ankle-clonus,  or  of  an  extensor  plantar  reflex, 
Babinski's  pronation-sign  (p:  209),  true  incontinence  of  urine,  and  so 
on.-^    These,  when  present,  are  strong  evidence  of  organic  disease. 

Thirdly,  the  mode  of  incidence,  the  condition  of  the  special  senses, 
the  type  of  anaesthesia  when  present,  the  posture  of  the  limbs  in  cases 
of  motor  paralysis,  the  variability  or  otherwise  of  the  palsies  or  con- 
tractures, and  the  whole  group  of  other  phenomena  which  can  be  pro- 
duced by  suggestion,  whether  auto-suggestion  or  hetero-suggestion,  are 
of  great  diagnostic  value. 

Lastly,  we  must  never  forget  that  combinations  of  hysteria,  reflex 
paralysis  and  organic  disease  may  coexist  in  the  same  patient. 

1  Hurst,  Rev.  of  Neurol,  and  Psychiatry,  1918,  p.  6. 


CHAPTER  XXII 

ELECTRO-DIAGNOSIS  AND  ELECTEO-PROGNOSIS 

It  is  not  necessary  to  enter  into  a  full  discussion  of  the  various  physio- 
logical phenomena  produced  by  electrical  stimulation  of  different 
tissues,  still  less  to  discuss  the  nature  of  electricity  itself  or  the  rationale 
of  its  effects.  It  will  suffice  here  to  recall  a  few  of  the  more  piMCtical 
points  in  the  physiology  of  electrical  stimulation. 

Clinically,  electrical  stimulation  is  of  value  chieHy  in  the  examina- 
tion of  muscles  and  of  motor  nerves.  Electrical  examination  of 
sensory  fmictions  is  of  but  little  practical  importance,  except  perhaps 
in  mapping  out  areas  of  loss  of  taste,  when  a  mild  galvanic  current 
is  an  excellent  gustatory  stimulus  (p.  141),  and  in  testing  for  galvanic 
vertigo  (p.  154). 

For  diagnostic  purposes  the  most  important  forms  of  electricity 
are  the  faradic,  interrupted,  or  induced  current,  the  galvanic  or  con- 
tinuous current,  the  condenser  discharges,  and  the  vibrant  electricity, 
which  is  the  result  of  discharging  a  powerful  induced  current  through 
a  Crookes'  vacuum-tube,  producing  the  well-known  X-rays.  The 
application  of  this  latter — so-called  skiagraphy — though  of  great 
practical  importance,  does  not  specially  concern  the  neurologist.  We 
have  to  consider  more  particularly  the  faradic,  the  galvanic,  and  the 
condenser  currents. 

To  produce  the  galvanic  current,  we  employ  a  galvanic  battery  (prefer- 
ably a  dry-cell  battery,  which  can  be  carried  about  without  spilling),  and 
this  battery  must  have  sufficient  electro-motive  force  or  voltage  to  over- 
come the  resistance  of  the  skin,  which  is  a  baci  conductor,  and  to  stimulate 
the  muscles  and  nerves  underneath.  In  cities  where  there  is  an  electric- 
light  system  run  by  tho  continuous  current,  wc  can  utilise  this  current  to 
charge  an  accmnulator  which  can  be  •carried  about.  Or  we  may  use  the 
current  direct  from  the  main,  provided  wi*  are  careful  to  reduce  the  voltage 
sufficiently;  this  is  accomplished  by  means  of  shunts,  resistances,  or 
rheostats, 

Faradic,  or  induced  electricity,  is  obtained  by  induction.  In  a  faradic 
machine  there  are  two  coils  of  wire,  concentrically  placed — the  primary 
coil  within  the  secondary.  When  a  galvanic  current  passes  along  the 
primary  coil,  there  is  produced,  at  the  moment  of  closure  and  again  at  the 
moment  of  opening  of  the  primary  current,  an  instantaneous  faradic  shock 
in  the  secondary  coil,  no  shock  occurring  during  the  period  of  flow^  of  the 
primary  current,  so  long  as  its  strength^remains  constant.  Within  the 
primary  coil  there  is  usually  a  bundle  of  soft  iron  wire,  which  becomes 
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converted  into  a  magnet  when  the  galvanic  stream  flows  round  the  primary 
coil.  Now  a  magnet  pushed  within  a  coil  produces  an  instantaneous 
faradic  or  induced  shock  in  that  coil;  so  that  as  the  soft  iron  is  alternately 
magnetised  and  then  de-magnetised  by  the  primary  coil,  we  have  the  efEect 
of  the  magnet  superadded  to  that  of  the  primary  coil.  We  can  vary  the 
strength  of  the  faradic  shocks  in  the  secondary  coil  in  several  ways,  by 
pulling  the  iron  bundle  in  or  out,  or  by  sliding  a  cylindrical  brass  shield 
between  the  i^rimary  and  secondary  coils  (the  effect  on  the  secondary 
coil  being  greatest  when  no  shield  is  interposed),  or  lastly,  by  having  the 
secondary  coil  on  a  sliding  sledge,  so  that  we  can  pull  the  two  coils  apart. 
This  last  is  the  best  and  most  delicate  way  of  varying  the  intensity  of  the 
faradic  shocks  in  the  secondary  coil. 
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>• H.  transversus 

Vi  abdominis 


Fk!.  225.— Motor  Points  of  Abdominal  Wall.     (Erb.) 


We  apply  the  electrical  current  to  muscles  and  nerves  by  means  of 
metal  electrodes  of  various  sizes,  some  flat  and  disc-like,  others  with 
rounded  bulbous  ends.  The  metal  surface  of  the  electrode  should  be 
covered  with  chamois-leather.  The  electrode  is  screwed  on  to  a  holder, 
which  must  have  a  contact-key  whereby  we  can  interrupt  the  current 
at  will.  The  chamois-leather  should  be  soaked  before  use,  and  the  skin 
should  also  be  well  moistened  in  warm  water,  to  which  a  little  salt  has  been 
added,  to  render  it  a  better  conductor.  The  salt,  however,  spoils  the 
leather,  which  must,  in  consequence,  be  frequently  renewed. 

We  should  have  a  galvanometer  in  the  circuit  of  the  galvanic  current, 
so  as  to  measure  the  strength  of  current  which  penetrates  the  tissues. 
There  should  also  be  a  commutator  or  sliding  switch,  whereby  we  can 
reverse  the  direction  of  the  current.  The  galvanic  battery  should  be  fitted 
with  a  collector  whereby  we  can  switch  on  the  different  cells,  one  by  one, 
gradually  increasing  the  strength  of  the  current. 

In  testing  the  efectrical  reactions  of  muscles,  one  electrode  should 
be  placed  on  the  spot  we  desire  to  stimulate,  whilst  the  other  is  placed 
on  some  far-distant  "  indifferent  "  spot,  where  any  muscular  contrac- 
tions that  may  occur  will  not  interfere  with  the  part  we  are  observing. 
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Thus  the  indifferent  pole  may  be  placed  on  the  back  of  the  neck,  or  on 
the  front  of  the  abdomen,  or  the  patient  may  sit  upon  it,  or  he  may  hold 
it  in  the  opposite  hand.  We  then  fix  our  attention  on  the  other  pole 
which  we  are  watching.  To  stimulate  isolated  nerves  or  muscles, 
cither  the  electrode  should  be  a  small  one,  or  we  may  employ  the  edge 
of  a  disc  electrode. 

The  patient  must  be  placed  in  a  good  light,  so  that  we  can  see  the 
slightest  movement  of  the  muscle  we  are  examining.     Sometimes  by 
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Fig.  226. — Motor  Points  o£  Upper  Limb.     (Erb.) 


placing  our  linger  on  the  tendon  of  the  muscle,  we  can  feci  a  contraction 
too  faint  to  be  visible.  The  patient  should  be  made  to  relax  all  the 
muscles  of  the  region  which  is  under  examination.  Before  applying 
the  electrodes  to  the  patient,  we  should  make  it  an  invariable  rule  to 
test  the  strength  of  the  current  on  our  own  skin,  to  avoid  startling 
him  by  too  violent  a  shock. 

Electro-Diagnosis. — We  should  commence  with  faradic  shocks. 
Ordinarily  these  are  produced  in  rapid  succession  by  a  vibrating 
JNeef's  hammer,  "  making  ' '  and  "  breaking  "  the  circuit  of  the  primary 
coil.  If  these  are  too  painful  to  be  borne,  we  may  often  overcome 
the  difficulty  by  loosening  the  spring  of  the  Neef 's  hammer  and  making 
and  breaking  the  primary  cmTcnt  by  moving  the  spring  with  our  finger. 
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Tliis  protluces  an  iaolated  faradic  shock  each  time  we  press  the  spring 
into  cont^ict  with  or  remove  it  from  the  screw.  Such  single  shocks  are 
often  tolerated  by  a  patient  who  cannot  bear  the  ordinary  series  of 
shocks  in  rapid  succossion.  In  children,  however,  it  is  sometimes 
impossible  to  get  the  patient  to  submit  even  to  single  shocks,  and  it 
may  be  necessary  in  them  to  give  a  general  anaesthetic,  in  order  to  make 
an  accurate  electro-diagnosis. 
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Vw.  227. — Motor  Points  of  Upiwr  Limb.     (Erb.) 


Whenever  possible,  we  should  compare  the  reaction  of  the  suspected 
muscles  with  that  of  other  muscles  which  are  healthy,  preferably  the 
corresponding  muscles  of  the  opposite  limb.  Of  course,  wlien  the 
disease  is  bilaterally  symmetrical,  this  is  impossible.  An  electrical 
examination,  to  be  complete,  would  have  to  include  observations  on 
every  accessible  muscle  and  motor  nerve  in  the  body;  this,  however,  is 
practfcally  unattainable,  and  we  usually  content  ourselves  with  select- 
ing H  group  of  muscles  in  the  affected  area  and  testing  each  mitscle 
carefull)',  both  with  faradic  shocks  and  with  the  continuous  current, 
commencing  with  the  faradic. 
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To  be  of  real  use,  especially  for  prognosis,  electrical  examination 
must  be  repeated  from  time  to  time,  A  single  determination  of 
electrical  reactions  has  about  the  same  value  as  a  single  determination 
of  a  patient's  temperature.  It  follows  that  a  standard  technique  of 
examination  should  be  adopted  in  electro-diagnosis. 

Faradic  Reactions. — Faradism  stinmlates  a  muscle  most  efficiently, 
not  by  direct  action  on  the  muscle-fibres,  but  through  the  motor  nerve. 
To  stimulate  an  individual  muscle  by  faradism  we  seek  for  the  place 
where  the  nerve  enters  the  muscle.  In  a  long  muscle  there  is  usually 
a  well-defined  spot  known  as  the  "  motor  point."  Faradism  applied 
at  such  a  "motor  point"  provokes  a  maximal  contraction  in  that 
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Fig.  228.— Motor  Points  of  Anterior  Thigh  Muscles.     (Erb.) 

individual  muscle.  The  positions  of  the  chief  "  motor  points  "  are 
indicated  in  Erb's  well-known  diagrams  (Figs.  224  to  230).  In  a 
normal  muscle,  a  faradic  shock  of  a  given  strength  produces  a  much 
greater  effect  when  applied  at  such  a ' '  motor  point ' '  than  when  applied 
directly  over  an  indifferent  bundle  of  muscle-fibres. 

Besides  stimulating  individual  muscles,  we  can  stimulate  whole 
groups  by  applying  our  electrode  over  a  nerve-trunk,  such  as  the  ulnar 
or  musculo-spiral. 

In  testing  faradic  reactions  we  commence  with  feeble  shocks  and 
gradually  increase  their  strength  until  we  just  get  a  contraction  of  the 
nmscle.  We  then  compare  this  contraction  vrith  that  produced  by  the 
same  strength  of  shocks  applied  to  a  healthy  muscle,  preferably  the 
same  muscle  of  the  opposite  limb,  if  available. 

Galvanic  Reactions.— The  galvanic  current  stimulates  a  motor 
nerve-fibre  at  the  moment  of  closure,  and  again  at  the  moment  of 
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opening  of  the  current,  but  not  during  the  period  of  flow,  so  long  as  the 
strength  of  the  current  remains  constant.  In  the  case  of  nuiscle-fibres, 
galvanism  stinuilates  them  at  closure  and  again  at  opening,  and  even 
throughout  the  whole  period  of  flow,  provided  the  current  be  strong 
enough.  Even  when  a  nerve  is  degenerated,  directly-applied  galvanism 
is  still  able  to  produce  contractions  in  the  muscle-fibres. 

A  normal  muscle  is  more  excitable  at  its  motor  point  than  at  any 
other  part,  whereas  a  degenerated  muscle  is  equally  excitable  at  all 
points  on  its  surface.  The  "  polar  reactions  "  of  a  muscle  to  galvanism 
are  of  great  clinical  importance.    Normally,  in  a  healthy  muscle,  when 
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Fig.  220.— Motor  Points  of  Leg.     (Erb.) 


we  stimulate  it  with  a  galvanic  current,  not  too  strong,  we  get  a  brisk 
twitch  at  closure,  then  during  the  period  of  flow  the  muscle  remains 
relaxed  until  the  current  is  suddenly  opened,  when  we  may  get  another 
twitch  at  opening.  The  contraction  at  closure  is  greater  if  we  stimulate 
with  the  kathode  (negative  pole)  than  if  we  employ  the  anode  (positive 
pole).  This  is  expressed  by  the  formula  KCO  ACC  (kathodal-closure- 
contraction  greater  than  anodal-closure-contraction).  To  verify  this 
clinically  on  a  healthy  muscle,  we  gradually  increase  the  strength  of  our 
current  by  means  of  the  collector.  Meanwhile,  we  make  an  occasional 
double  movement  of  the  commutator,  whereby  the  testing  pole  is 
suddenly  changed  from  kathode  to  anode  and  back  again.  Presently, 
as  the  current  is  increased  in  strength  we  find  that  at  one  position  of  this 
double  movement  we  get  a  brisk  twitch  of  the  muscle,  whilst  in  the 
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reverse  position  we  get  none.  The  first  twitch  in  a  healthy  muscle 
always  appears  at  the  kathode.  Then  if  the  current  be  still  further 
increased,  a  twitch  appears  at  both  phases  of  the  commutator,  but  the 
kathodal  contraction  remains  the  greater.  As  a  matter  of  convenience 
it  is  best  to  employ  the  minimal  current  strong  enough  to  give  KCC, 
whilst  as  yet  there  is  no  AGO.  Meanwhile  we  notice  on  the  galvano- 
meter the  number  of  milliamperes  of  current  which  are  required  to 
produce  the  earliest  twitch  at  closure. 

If  the  strength  of  the  galvanic  current  be  still  further  increased 
we  obtain  a  twitch  at  opening,  the  anodal  contraction  being  produced 
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Fig.  230.— Motor  Points  at  Back  of  Thigh  and  Leg.    (Erb.) 

first  and  the  kathodal  opening  contraction  last  of  all.  The  order  of 
appearance  of  these  different  contractions  in  a  healthy  muscle,  as  the 
current  progressively  increases  in  strength,  is  therefore  as  follows: 
KCOACOAOOKOC,  and  is  indicated  in  the  following  amplifica- 
tion of  the  same  facts : — 


1.  Weak  current 

2.  Medium  current 

3.  Moderately  strong  current 

4.  Very  strong  current 


KCC 

KCC  ACC 

KCC  ACC        AOC 

KCC  ACC        AOC 


KOC 


Of  these  phenomena,  we  usually  concern  ourselves,  for  practical 
purposes,  only  with  the  first  two,  that  is,  with  the  contractions  on 
closure,  observing  ^vhether  the  kathodal  closing  contraction  is  greater 
than  the  anodal  closing  contraction,  as  it  ought  to  be  in  health. 
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To  recapitulate,  in  a  nurmal  uerve-mascle  organ  wo  obtain  a  good 
contraction  on  faradic  stiniHlation,  while  to  galvanism  there  is  a  brisk 
twitch  on  closure,  KCC  being  greater  than  ACC. 

Abnormalities  in  Electrical  Reactions. — Sometimes  the  excita- 
bility of  the  nerve-muscle  organ  is  increased,  both  to  faradism  and  to 
galvanism.  This  condition  of  hyper-excitability  is  met  with  most 
typically  in  tetany^  where  both  nerve  and  muscle  are  too  easily  throwji 
into  contraction. 

Somewhat  similar  is  the  so-called  "  neurotonic  "  reaction,  described  by 
Marina  *  in  certain  cases  of  hysteria,  by  Remak^  in  patients  with  progressive 
muscular  atrophy,  and  by  Handelsman^  in  syringomyelia.  This  pheno- 
menon consists  not  only  in  excessive  excitability  both  to  faradism  and 
galvanism,  but  also  in  a  tendency  for  the  muscle  to  remain  in  a  state  of 
tetanus  for  10  to  30  seconds  after  the  stimulus  has  ceased.  The  pheno- 
menon is  not  provoked  by  stimulation  of  the  muscle  itself,  but  only  by 
excitation  of  the  nerve. 

We  sometimes  meet  with  simple  diminution  of  excitability,  both 
to  faradism  and  to  galvanism,  but  without  alteration  of  polar  reactions 
— tliat  is  to  say,  KCC  remains  greater  than  ACC.  Such  diminution 
of  eleclrimlexcifahility  is  met  with  in  simple  arthritic  muscular  atrophy, 
in  the  atrophy  of  disuse  and  also  in  the  various  myopathies,  whether 
pseudo-hypertrophic  or  atrophic  in  type. 

Temporary  loss  of  faradic  excitability  occurs  in  myasthenia  gravis, 
though  not  in  every  case.  When  present,  the  myasthenic  reaction  con- 
sists in  the  fact  that  after  a  certain  number  of  faradic  shocks,  the  muscle 
gradually  reacts  less  and  less,  until  at  last  it  shows  no  contraction  to  the 
strongest  faradic  shocks.  We  wait  a  few  minutes  and  then  test  again, 
when  we  find  that  the  faradic  excitability  has  reappeared,  but  can  again 
be  exhausted  in  a  similar  fashion.  The  galvanic  reactions  of  the  affected 
muscles  -remain  unchanged  throughout  the  disease.  A  myasthenic 
reaction  can  also  be  produced  experimentally,  e.g.  in  the  frog's  muscles, 
by  poisoning  with  yohim])ine.'*  This  suggests  that  the  phenomenon  is 
toxic  in  origin. 

During  the  paroxysms  of  the  rare  disease  known  as  family  'periodic 
paralysis,  the  paralysed  muscles  are,  for  the  time,  totally  inexcitable 
either  by  faradism  or  by  galvanism.  This  is  termed  the  cadaveric 
reaction.  In  the  intervals  between  the  attacks  of  paralysis  the  muscles 
react  normally. 

The  myotonic  reaction  is  met  with  chiefly  in  Thomsen's  disease 
(myotonia  congenita),  but  has  also  been  observed  in  certain  types  of 
syringomyelia  accompanied  by  myotonia.    It  consists  in  the  fact  that 

^  Neurologischea  Centralblatt,  1896,  No.  17.  2  7j,rf.,  1896,  No.  13. 

3  Ihid.,  1911,  8.  418.  <  Gimn,  Rev.  of  Nevrol.  and  P.oyrhiaf.,  1908,  p.  150. 
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on  faradic  slinmlalioji  tlie  luuscular  contraction  persists  for  some  time 
aft^r  the  stimulus  has  ceased,  as  if  the  muscle,  once  contracted,  cannot 
relax.  Moreover,  in  this  disease  galvanic  stimulation  of  the  muscle 
produces  curious  wave-like  contractions,  and  KCC  is  equal  to  instead 
of  greater  than  ACC. 

Condenser  Reactions. — Condenser  discharges  are  a  valuable  means 
of  electro-diagnosis,  and  the  results  thus  obtained  can  be  usefully  com- 
pared with  those  observed  on  faradic  and  galvanic  stimulation. 

The  apparatus  is  simple.  It  consists  of  a  set  of  ten  or  twelve  con- 
densers of  varying  capacities,  ranging  from  O'Ol  of  a  micro-farad  in  the 
smallest  condenser  up  to  3  "00  micro-farads  in  the  largest.  Between  these 
two  extremes  there  are  eight  or  ten  condensers  of  intermediate  capacity. 
By  means  of  a  revolving  commutator  and  a  metronome  any  one  of  these 
condensers  c^n  be  alternately  charged  from  the  main  and  discharged 
through  the  patient's  muscles.  The  voltage  at  which  the  current  is  de- 
livered from  the  main  is  regulated  by  a  volt-meter,  which  is  conveniently 
set  at  100  volts.  The  condensers  of  different  capacities  differ  in  one 
essential  feature,  viz.  their  wave-length,  i.e.  the  duration  of  their  discharge 
through  the  body.  The  smallest  condenser  of  the  series,  with  a  capacity 
of  0"01  micro-farad,  takes  j^jy^j^  of  a  second  to  pass  through  the  body,  which 
is  vastly  shorter  than  the  wave-length  of  any  induction-coil,  whose  shortest 
duration  is  about  ^^^  of  a  second,  or  slightly  less.  The  largest  condenser, 
that  ^^^th  3  "00  micro-farads,  has  a  duration  of  discharge  of  y^  second. 
Healthy  muscles  respond  to  the  smallest  condensers  of  001  to  0*05  micro- 
farad. As  a  muscle  degenerates,  it  requires  impulses  of  longer  and  longer 
duration,  from  condensers  of  larger  and  larger  capacity,  to  induce  it  to 
contract. 

In  this  variety  of  muscle-testing  we  place  our  electrodes  in  position, 
attach  our  box  of  condensers  to  the  main,  set  the  metronome  going  at 
a  speed  of  about  one  beat  per  second,  and  then,  by  moving  a  key  over 
successive  studs  on  the  switchboard,  we  find  out  the  smallest  condenser 
which  just  causes  the  muscle  to  contract  and  produces  the  first  flicker  of 
response. 

One  defect  of  this  method  is  that  the  condenser  discharges  vary  with 
the  resistance  of  the  patient's  body  and  with  other  factors,  so  that,  even 
using  the  same  apparatus  on  each  occasion,  our  observations  are  less 
precise  than  would  at  first  sight  appear. 

The  process  of  testing  by  means  of  condensers,  unlike  faradic  or 
galvanic  testing,  is  entirely  painless,  the  only  sensation  produced  being 
that  of  the  sudden,  muscular  twitch.  Moreover,  it  is  unnecessary  to 
decide  whether  the  contraction  produced  by  the  condenser  discharge 
is  brisk  or  sluggish,  strong  or  weak.  All  we  have  to  decide  is  whether 
the  muscle  contracts  at  all,  and,  if  so,  to  which  condenser. 

In  healthy  muscles,  contractions  are  produced  by  the  smallest 
condensers  of  the  series,  viz.  from  0-01  to  0-02  micro-farad. 

Reactions  of  Degeneration. — By  far  the  most  important  modi- 
fication of  electrical  reactions  is  the  condition  known  as  the  "  reactions 
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of  degeneration,"  or.  colloquially,  as  R.D.  This  condition  is  present 
when  the  nerve-muscle  organ  has  undergone  degeneration,  from  disease 
or  destruction  of  the  spino-muscular  motor  neurone.  As  a  result  of 
such  a  lesion,  the  motor  nerve-fibre  disintegrates  within  a  few  days  and 
loses  its  power  of  conducting  impulses.  The  corresponding  muscle- 
fibre  undergoes  important  changes;  it  loses  its  fibrillar  or  anisotropic 
element,  the  element  which  contracts  with  a  brisk  twitch  and  can  bo 
stimulated  with  a  faradic  shock;  whilst  it  retains  only  its  sarcoplasm, 
a  much  less  excitable  element,  which  contracts  slowly  but  can  still  be 
stimulated  by  galvanism  and  by  condenser  shocks  of  a  slow  wave- 
length. 

In  a  typical  case  the  phenomena  are  as  follows: — to  faradism  there 
is  no  response,  since  the  nerve  has  degenerated ;  to  (jalvanism  the  muscle- 
fibres  still  respond — in  fact,  for  a  short  time  they  become  hyperexcit- 
able,  contracting  to  a  weaker  current  than  in  health.  But  their  polar 
reactions  are  altered.  The  anodal  contraction  on  closure  is  now  equal 
to,  or  greater  than,  the  kathodal  (ACOKCC).  Moreover,  what  is 
equally  characteristic,  the  response  of  the  muscle  is  no  longer  a  brisk 
twitch;  it  is  a  slow,  sluggish,  almost  vermicular  movement.  Further, 
the  degenerated  muscle  is  equally  excitable  at  all  points  on  its 
surface,  and  no  longer  shows  a  maximal  excitability  at  its  motor 
point. 

In  cases  yielding  complete  R.D.  by  farado-galvanic  methods,  if  we 
examine  the  muscles  by  condenser  discharges  we  find  that,  instead  of 
giving  a  response  to  condensers  of  0-01  to  0-02  micro-farad,  they 
will  not  respond  to  condensers  smaller  than  0-.50  micro-farad,  and 
may  require  1-00,  2-00,  or  even  3-00  micro-farads,  i.e.  an  impulse 
whose  duration  is  from  100  to  300  times  as  long  as  that  required  in 
health. 

Sometimes  by  doubling  the  voltage  {i.e.  200  volts  instead  of  100) 
a  condenser  of  half  the  capacity  may  produce  a  contraction  in  a  muscle 
which  previously  failed  to  contract.  Thus,  for  elxample,  a  muscle 
which  has  failed  to  respond  to  2  micro-farads  at  100  volts,  may  perhaps 
respond  to  1  micro-farad  at  200  volt«.  This  phenomenon  is  often 
present  in  muscles  which  are  beginning  to  regenerate  after  previous 
degeneration,  and  is  therefore  of  prognostic  significance. 

If  a  nerve  be  divided,  the  reactions  of  degeneration  do  not  appear  at 
once.  It  is  only  after  some  ten  days  or  so  that  they  develop.  Once 
established,  the  reactions  of  degeneration  persist,  unless  the  nerve 
regenerates  and  re-establishes  a  connection  between  the  muscle  and 
the  motor  nucleus.  In  the  process  of  recovery,  voluntary  motor  power 
reappears  before  faradic  excitability  returns.  In  many  cases  recovery 
does  not  take  place  and  the  nerve-muscle  organ  remains  permanently 
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flegenerated,  as,  for  example,  when  the  motor  nucleus  in  the  cord  or 
m'^duUa  is  destroyed,  or  when  a  nerve-trunk  is  completely  divided  and 
its  ends  have  not  been  reunited. 

Til  certain  cases  we  meet  with  partial  or  incomplete  reactions  of 
degeneration.  These  consist  in  a  shiggish  contraction  to  galvanism, 
ACC  being  greater  than  KCC,  but  the  reaction  to  faradism  is  not  lost, 
but  only  diminished.  This  condition  indicates  a  less  severe  injury  of 
the  nerve-fibres  than  if  typical  R.D.  be  present. 

Conditions  of  partial  R.D.  can  be  further  differentiated  into  those 
of  mild  and  severe  degree,  according  to  the  response  of  the  muscle  to 
condenser-shocks  of  increasing  wave-lengths.  As  a  muscle  degenerates, 
instead  of  responding  to  condensers  of  0-01  to  0-02  micro-farad,  larger 
condensers  of  0-2o  or  0-50  micro-farad,  with  longer  wave-lengths,  are 
required. 

Sometimes  we  have  mixed  reactions^  some  fibres  of  a  muscle 
retaining  their  normal  reactions  whilst  adjacent  fibres  have  reactions 
of  degeneration.  This  is  best  exemplified  by  cases  of  progressive 
muscular  atrophy  where  degenerated  muscle-fibres  are  interspersed 
amongst  the  healthy. 

To  sum  up,  then,  the  presence  of  R.D.  always  indicates  a  lesion  some- 
where in  the  lower  or  spino-muscular  motor  neurone.  We  should  be 
careful  to  wait  ten  days  or  a  fortnight  from  the  onset  of  the  paralysis 
before  giving  a  verdict,  inasmuch  as  we  have  seen  that  it  takes  some 
time  for  degeneration  to  become  established.  R.D.  occur  in  lesions  of 
peripheral  motor  nerves,  also  in  gross  nuclear  diseases  such  as  acute 
anterior  poliomyelitis,  haemorrhage  or  thrombosis  in  the  anterior  cornua 
or  motor  nuclei.  Mixed  reactions,  on  the  other  hand,  are  found  in 
progressive  muscular  atrophy  and  in  bulbar  palsy,  where  the  nerve- 
cells  of  the  motor  nuclei  are  picked  out  one  by  one,  leaving  adjacent 
nerve-cells  unaffected. 

Electro-Prognosis. — In  many  paralyses  due  to  organic  lesions 
of  peripheral  motor  nerves  (of  which  the  commonest  instance  is  that  of 
a  neuritis  of  the  facial  nerve),  it  is  of  importance  to  be  able  to  estimate 
not  only  the  degree  of  degeneration  which  has  occurred,  but  also  the 
prospects  of  recovery.  To  make  an  accurate  prognosis  we  must  wait 
at  least  ten  days,  and  preferably  a  fortnight,  before  making  our  investi- 
gation, so  as  to  allow  time  for  degenerative  changes  to  have  occurred. 
Electrical  examination  at  any  earlier  date  is  practically  valueless  for 
purposes  of  prognosis. 

If,after  a  fortnight's  motor  palsy — say,in  a  caseof  Bell's  paralysis — 
we  get  typical  R.D.,  the  degeneration  of  the  nerve  is  severe  and  recovery 
will  not  commence  for  three  months  at  least,  possibly  not  for  a  year, 
and  the  patient  may  even  remain  permanently  paralysed.     And  at  the 
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besl ,  if  recovery  does  occur,  it  will  probably  be  imperfect  and  associated 
with  some  contracture. 

If  partial  R.D.  be  present,  the  prognosis  is  less  grave  and  recovery 
may  be  expected  within  six  or  eight  weeks. 

If  the  reactions  be  normal,  or  if  there  be  simply  a  diminution  to 
faradism  and  galvanism,  but  without  polar  changes,  recovery  may  be 
looked  for  in  from  three  to  six  weeks,  or  even  sooner. 

In  a  regenerating  muscle,  voluntary  power  reappears  before  any 
improvement  occurs  in  the  faradic  or  condenser  reactions,  except  in 
some  cases  complicated  by  a  functional  element  in  which  the  patient 
does  not  realise  the  existence  of  his  voluntary  muscular  power. 


CHAPTER  XXIII 

THE  CEREBKO-SPINAL  FLUID 

The  cerebro-spinal  fluid  is  secreted  by  the  glandular  ependymal  cells 
which  cover  the  choroid  plexuses  and  constitute  the  "  choroid  gland." 
The  fluid  flows  from  the  ventricles  into  the  sub-arachnoid  space, 
bathing  the  brain  and  spinal  cord.  The  total  amount  of  fluid  normally 
present  is  estimated  at  from  100  to  150  cubic  centimetres.  Normally 
the  fluid  is  constantly  secreted  in  a  quantity  sufficient  to  replace  that 
which  is  continiially  reabsorbed  into  the  general  circulation,  partly  by 
way  of  the  lymphatics,  veins,  and  intra-cranial  sinuses  of  the  dura 
mater,  and  partly  by  osmotic  diffusion  through  the  sub- arachnoid 
space  into  the  capillaries.  In  cases  of  cranial  or  spinal  injury  when  the 
sub- arachnoid  space  is  in  communication  with  the  surface,  as  much  as 
2  to  4  litres  daily  have  been  observed  to  escape.  In  some  patients,  as 
St.  Clair  Thompson  and  others  have  shown,  a  spontaneous  flow  of 
cerebro-spinal  fluid  occurs  through  the  cribriform  plate  and  drips 
constantly  from  the  nose. 

The  posterior  lobe  of  the  pituitary  body  pours  its  secretion  through 
the  hollow  infundibulum  into  the  cerebro-spinal  fluid  of  the  third 
ventricle.  Experiments  by  Gushing  and  Goetsch^  have  demonstrated 
that  normal  cerebro-spinal  fluid  contains  a  substance  which  gives  the 
same  reaction  as  extracts  of  the  pars  nervosa  itself.  The  fluid  also 
receives  various  products  of  metabolism  from  the  nerve-centres.  It 
may  undergo  changes  in  lesions  of  these  centres  or  of  their  meninges ; 
hence  the  clinical  importance  of  its  examination. 

Various  drugs,  taken  by  the  mouth,  can  be  detected  in  the  cerebro- 
spinal fluid.  Thus  urotropin  taken  by  the  mouth  can  be  shown  to 
yield  formic  aldehyde  in  the  fluid,  whilst  in  acute  alcoholic  poisoning 
alcohol  can  be  demonstrated  in  the  fluid,  in  a  proportion  of  from  1-5  to 
4  per  cent.,  within  two  or  three  hours  after  the  alcohol  has  been  taken. 
In  delirium  tremens,  on  the  other  hand,  due  to  sudden  withdrawal  of 
alcohol  in  a  chronic  alcoholic  subject,  the  cerebro-spinal  fluid  contains 
little  or  no  alcohol. 

In  the  adult,  the  spinal  cord  terminates  at  the  level  of  the  lower 
part  of  the  first  lumbar  vertebra.     Below  that  level  the  arachnoidal 

1  Am.  J.  of  Physiology,  1910,  vol.  xxvu.,  p.  60. 
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sac  extends  as  a  hollow  cavity  as  low  down  as  the  second  sacral  vertebra 
(see  Fig.  231).  There  is  thus  a  considerable  extent  of  arachnoidal 
cavity  devoid  of  spinal  cord,  occupied  simply  by  the  roots  of  the  cauda 
equina  and  by  the  cerebro-spinal  fluid  which  bathes  them.  From  this 
region  we  can  withdraw  cerebro-spinal  fluid  without  risk  of  injury  to 
the  spinal  cord.     In  order  to  do  so,  we  enter  the  cerebro-spijial  cistern 

from  behind,  somewhere  between  the 
laminae  of  the  second  lumbar  and 
the  second  sacral  vertebra. 

The  two  widest  inter-lamiual 
spaces  are  the  one  between  the  third 
and  fourth,  and  the  other  between 
the  fourth  and  fifth  lumbar  laminsa. 
Of  these  we  usually  select  the  space 
between  the  fourth  and  fifth  laminse, 
because,  as  a  rule,  it  is  slightly  the 
larger.  These  two  inter-laminal 
spaces  are  very  easily  found  as 
follows:  we  draw  a  horizontal  line 
across  the  patient's  buck,  at  the 
level  of  the  highest  margin  of  the 
iliac  crests.  This  line  intersects  the 
vertebral  column  at  the  tip  of  the 
fourth  lumbar  spine.  We  make  our 
puncture  immediately  below  this 
spine  (Fig.  232). 

It  is  convenient  to  use  an  all-glass 
syringe  which  is  readily  sterilisable 
on  which  to  moujit  our  needle,  which 
should  be  of  fairly  large  calibre.   The 
*"'ni  iow;7/^i  nf  *^7'?oi^),l^ia«^''n{    needle  itself  is  made  of  platinum  and 

of  lower  end  of  vertebral  column  and  .  i-    i  i 

its  relations  to  the  spinal  cord  and  iridium,  which  is  less  liable  to  snap 
Cauda   equina.     The   double-shaded  i  i       i^    hoiled  without  rust- 

portion  of  the  cord  is  the  conus  ter-  "^^^^^  ^*"  ^^^^  "®  DOlieci  Wiruoui  rusi 

minalis,  with  which  the  tilum  ter-    ing,  unlike  a  st€el  needle.  It  must  be 

minale  u  continuous.  ,^^^g  ^^^^^^j^  ^^  ^^^^,^  j,^^^  ^^^  ^r^,,^_ 

noidal  sac,  and  yet  short  enough  to  stop  short  within  the  sac  without 
penetrating  to  the  dura  on  the  far  side.  For  this  purpose  the  most 
suitable  length  of  needle  is  about  8  centimetres,  or  just  over  3  inches, 
\s,  to  the  patient's  posture  during  the  operation  of  "  thecal  punc 
ture,"  he  may  be  lying  on  a  bed  or  couch,  in  the  left  lateral  position, 
with  the  knees  and  shoulders  approximated.  But  it  is  better,  if 
possible,  to  have  him  sitting  on  a  low  seat,  stooping  well  forwards,  with 
his  knees  separated,  his  arms  hanging  loose,  and  his  hands  touching  the 
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ground.     In  this  way  tke  lamiuse  are  separated  to  their  widest  extent 
(see  Fig.  232). 

We  carefully  sterilise  the  skin  at  the  site  of  puncture  and  render  it 
anaesthetic  by  means  of  a  spray  of  ethyl  chloride.  The  operator  places 
his  left  index  finger  on  the  fourth  lumbar  spine  as  a  guide,  and  with  his 
right  hand  pushes  in  the  needle  about  half  an  inch  below  and  half  an 
inch  to  the  right  of  this  spot  (so  as  to  avoid  the  dense  interspinous 
ligament),  directing  the  point  of  the  needle  horizontally  forwards  and  a 
little  inwards.  The  ligamentum  subfiavum,  deep  in,  between  the 
laminae,  is  somewhat  resistant,  and  the  needle  is  felt  to  be  checked 
here.  But  we  push  firmly  on, 
if  no  bone  is  struck,  and  sud- 
denly the  needle  penetrates  the 
ligament  and  dura-arachnoid 
and  is  now  in  the  arachnoidal 
sac  (sec  Fig.  233).  If  we  strike 
on  a  lamina  instead  of  the  liga- 
ment, we  withdraw  slightly  and 
try  a  point  above  or  below. 

Sometimes  during  the  opera- 
tion the  patient  feels  a  sudden, 
sharp  ])ain  shooting  down  his 
right  thigh  and  leg.  This  simply 
means  that  our  needle  has 
touched  one  of  the  roots  of  the 
Cauda  equina  en  route,  and  is  of 
no  other  significance. 

We  now  detach  the  syringe 
and  allow  the  cerebro- spinal 
fluid  to  escape  through  the  needle,  collecting  from  3  to  5  c.c.  in  a  steri- 
lised test-tube.  It  is  better  not  to  employ  suction  by  the  syringe, 
unless  some  difficulty  be  experienced  in  getting  the  fluid  to  run.  The 
pressure  of  the  fluid  as  it  escapes  may  be  measured,  if  desired,  by 
means  of  a  rubber  tube  with  a  manometer  attached.  Normally  the 
fluid  trickles  out  slowly,  drop  by  drop,  at  the  rate  of  about  00  drops 
per  minute.  The  first  few  drops  should  be  discarded,  since  they  may 
be  mixed  with  blood  from  our  needle- wound  of  the  superjacent  tissues. 

Occasionally  it  happens  that  even  when  we  have  successfully 
penetrated  within  the  ligamentum  subflavum  no  fluid  will  flow.  This 
is  usually  due  to  blocking  of  the  needle  by  a  small  plug  of  blood-clot 
or  shred  of  muscle  or  connective- tissue  during  the  process  of  puncture. 
Or  it  may  be  due  to  one  of  the  cauda  equina  roots  floating  against  the 
end  of  the  needle.     Such  conditions  are  easily  rectified  by  passing  a 


Fic!.  '2'.i2. — Lumbar  puncture,     Fluid  drop- 
ping from  needle  into  test-tube. 
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sterilised  stilette  aloug  the  needle  to  clear  it.  Sometimes  it  happeus 
that  the  needle  pierces  the  ligamentum  subflavum,  but  pushes  the 
spinal  theca  in  front  of  it,  so  that,  even  though  the  stilette  shows  the 
needle  to  be  free  from  obstruction,  no  fluid  comes.  In  such  cases  it 
is  best  to  withdraw  the  needle  and  puncture  at  the  next  space  above. 
The  normal  pressure  of  the  cerebro-spinal  fluid,  iji  the  recimibent 
posture,  is  from  10  to  15  centimetres  of  water.  This  is  the  residt  of 
the  secretory  pressure  of  the  choroidal  epithelial  cells.  In  the  sitting 
position  the  pressure  is  higher,  amounting  to  20  to  25  centimetres. 
Coughing  causes  a  slight  elevation  of  2  to  4  centimetres.  Respiratory 
variations  are  not  noticeable  in  the  normal  subject,  but  in  cases  in 
which  the  intra-thecal  pressure  is  increased  to  30  centimetres  and  up- 


Conarwn,  Iliac  Arteries. 
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•    Fig.  233. — Horizontal  section  at  tiie  level  of  the  fourth  lumbar  vertebra, 
.showing  the  relation-s  of  the  parts  concerned  in  thecal  i)uncture. 


wards,  slight  respiratory  waves  may  occur,  not  amounting  to  more  than 
2  or  3  centimetres. 

\f  Sometimes  the  intra-thecal  pressure  is  increased,  so  that  the  fluid 
escapes  in  a  jet,  instead  of  drop  by  drop.  This  occurs  chiefly  with 
intra-cranial  tumours  and  in  the  various  forms  of  meningitis,  although 
even  in  these  conditions  an  increased  fluid-pressure  in  the  lumbar 
region  is  by  no  means  constant,  for  sometimes  in  meningitis  there  is 
occlusion  of  the  foramen  of  Magendie,  in  the  roof  of  the  fourth 
ventricle,  or  of  the  foramina  of  Key  and  Retzius,  at  its  lateral 
angles,  or  the  cerebellum  may  be  partially  impacted  in  the  foramen 
magnum,  cutting  off  the  intra- ventricular  from  the  spinal  pond. 

The  fluid  may  be  accidentally  mixed  with  blood  from  the  wounding 
of  an  arachnoidal  vein  during  the  puncture;  this  is  an  accident  which 
cannot  be  guarded  against.  In  most  cases  such  local  bleeding  clears 
up  after  a  few  seconds,  the  fluid  becoming  progressively  clearer  and 
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clearer.  But  admixture  of  blood  also  occurs  ia  cases  of  pre-existent 
sub-arachnoid  haemorrhage,  cerebral  or  spinal,  as  in  fracture  of  the  skull, 
intra- ventricular  haemorrhage,  or  in  trauma  of  the  spinal  cord. 

We  can  usually  distinguish  between  haemorrhage  due  to  the  local 
puncture  and  haemorrhage  which  results  from  a  previous  intra- thecal 
lesion.  We  do  this  by  centrifuging  the  fluid.  In  local  haemorrhage 
due  to  puncture,  the  blood-corpuscles  fall  to  the  foot  of  the  centrifuge- 
tube,  leaving  the  superjacent  fluid  clear  and  limpid,  whereas  in  a  pre- 
existing cerebral  or  spinal  haemorrhage  the  fluid  (which  during  its 
flow  is  equally  tinged  from  start  to  finish,  and  generally  less  deeply 
tinged  than  in  local  haemorrhage)  remains  of  a  yellow  colour  even 
after  centrifuging  (xanthochromia). 

In  most  cases  the  withdrawal  of  a  small  quantity  of  cerebro-spinal 
fluid  causes  the  patient  no  discomfort.  But  in  a  small  proportion  of 
cases  he  may  complain  of  severe  headache,  appearing  an  hour  or  two 
later,  and  lasting  perhaps  for  several  days.  This  is  most  often  the  case 
in  patients  who  walk  about  as  usual  after  the  puncture,  and  headache 
can  generally  be  prevented  by  recommending  the  patient  to  rest  for  a 
day  or  so,  or  at  least  to  avoid  physical  exertion. 

Normal  cerebro-spinal  fluid  is  absolutely  colourless,  like  water. 
It  is  an  alkaline,  saline  fluid : — a  natural,  physiological,  saline  solution, 
with  a  specific  gravity  of  1006  to  1008.  It  contains  sodium  chloride, 
together  with  a  trace  of  serum-globulin  and  of  albumose  (the  total 
albumin  being  from  0-025  to  0-05  per  cent.),  and  also  glucose,  which 
reduces  Fehling's  solution  and  forms  osazone  crystals.  Microscopically 
it  contains  a  few  large,  flat,  endothelial  plates,  and  perhaps  an  occa- 
sional lymphocyte.     It  contains  no  organisms. 

The  Diagnostic  Significance  of  Cerebro-spinal  Fluid. — For  diagnostic 
purposes  the  fluid  may  be  examined  in  various  ways. 

(1)  Physical  Characters. — Instead  of  being  clear  and  limpid  like 
water,  the  fluid  may  be  opalescent,  turbid,  cloudy,  or  even  purulent,  as 
in  some  cases  of  meningitis.  In  severe  jaundice  it  has  been  observed 
to  be  yellow  and  clear,  whilst  in  cases  of  recent  haemorrhage  either  into 
the  brain  or  cord  it  may,  as  we  have  mentioned,  be  blood-stained.  In 
haemorrhages  of  older  date,  say  a  week  or  more,  the  fluid  may  be  of  a 
clear  yellow  colour — xanthochromia.  The  coexistence  of  xantho- 
chromia, with  spontaneous  coagulation  of  the  fluid  on  standing, 
generally  points  to  chronic  compression  of  the  spinal  cord  (see  later, 
p.  419.) 

The  mere  absence  of  cloudiness  or  coloration,  however,  does  not 
necessarily  mean  that  the  fluid  is  healthy,  since  we  obtain  perfectly 
clear  cerebro-spinal  fluid  in  such  diseases  as  tabes,  general  paralysis, 
and  certain  forms  of  meningitis. 
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III  8i)inal  injuries  the  i)resence  of  blood  in  the  cerebro-si)inal  fluid 
may  be  of  considerable  diagnostic  importance- (see  later,  p.  490). 

In  cases  of  sudden  hemiplegia  we  are  sometimes  in  doubt  whether 
the  lesion  is  haemorrhage  or  thrombosis.  The  diagnosis  between  these 
two  conditions  may  be  very  difficult.  But  the  treatment  of  the  two 
is  diametrically  opposite.  In  a  case  of  thrombosis  we  stimulate  the 
heart  and,  if  necessary,  push  our  antisyphilitic  remedies,  whereas  in 
cerebral  haemorrhage  we  try  to  lower  the  intra-cranial  blood-pressure 
and  diminish  the  force  of  the  heart.  If  in  a  doubtful  case  we  perform 
lumbar  puncture  and  obtain  blood-stained  fluid,  or  fluid  which  has 
a  yellow  tinge  after  centrifuging,  the  diagnosis  is  simplified.  In 
traumatic  cases  this  is  of  great  value  in  indicatmg  the  presence  of 
sub-arachnoid  intra-cranial  haemorrhage.  But  in  compound  fracture 
of  the  skull  lumbar  puncture  may  yield  nothing  if  the  fluid  happens 
to  be  escaping  by  other  channels,  viz.  through  the  lacerated  mem- 
branes. 

(2)  Chemical  Characters. — These  arc  of  value.  Thus,  for  examj)le, 
a  marked  excess  of  albumin  is  found  in  acute  meningitis,  and  to  a  lesser 
degree  in  tabes  and  in  general  paralysis  of  the  insane,  the  protein 
concerned  in  tabes  and  general  paralysis  being  globulin.  This  is  the 
so-called  "  ])hase  i.''  reaction  of  Nonne. 

One  method  of  examining  for  globulin  is  by  Noguchi's  test,^  which  is 
performed  as  follows : — 

To  two  parts  of  cerebro-spinal  fluid  are  added  five  parts  of  10  per 
cent,  solution  of  butyric  acid  in  Jiormal  saline  solution.  This  mixture 
is  hcatrd  to  boiling-point,  and  then  one  part  of  a  normal  (4  per  cent.) 
.solution  of  sodium  liydratf  is  added  and  the  mixture  is  again  boiletl  briefly. 
After  standing  for  two  to  thirty  minutes,  if  a  globulin  be  present,  there  is  u 
flocculent  or  granular  precipitate. 

A  simpler  method  of  detecting  globulin  (and  one  which  is  free  from 
the  olfactory  discomfort  of  Noguchi's  method)  is  by  means  of 
ammonium  sulphate.^ 

On  to  the  surface  of  a  saturated  solution  of  anmionium  sulphate  in  a 
test-tube  a  small  amount  of  cerebro-spinal  fluid  is  allowed  to  flow  by  means 
of  a  fine  pipette.  If  globulin  be  present,  a  fine  white  ring  appears  at  the 
junction  of  the  two  fluids. 

The  Nonne-Aj)elt  test  consists  in  mixing  together  equal  quantities  of 
cerebro-s])inal  fluid  and  saturated  solution  of  auunonium  suljihate,  anil 
shaking  them  together.  If  globulin  be  present,  cloudiness  appears  within 
three  minutes. 

Another  delicate  test  for  protein  is  by  means  of  a  solution  of  salicyl- 
sulphonic  acid. 

*  Jwirnal  of  Experimental  Medicine,  1909,  vol.  xi.,  p.  84. 
2  Jones,  Review  of  Neurol,  and  Psychiatry,  1909,  p.  379. 
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One  or  two  drops,  added  to  1  or  2  c.c.  of  cerebro-spinal  fluid,  precipitate 
the  protein.  With  a  10  per  cent,  solution  of  salicyl-sulphonic  acid, 
even  a  normal  fluid  gives  a  precipitate.  But  if  we  dilute  our  solution 
down  to  a  2  per  cent,  strength,  no  precipitate  now  occurs  with  a  normal 
cerebro-spinal  fluid;  whereas,  in  paralytic  dementia  a  precipitate  occurs  in 
over  80  per  cent,  of  cases,  and  in  cerebro-spinal  syphilis  and  tabes  in  nearly 
70  per  cent.^ 

In  some  cases  this  excess  of  protein  is  so  great  that  the  fluid,  on 
standing,  coagulates  into  a  jelly-like  clot,  usually  of  a  golden  yellow 
colour.  This  is  always  pathological,  and  has  baen  found  in  certain 
tumours  of  the  spinal  cord  or  meninges,  and  even  in  cerebral  tumours. 
It  is  not  necessarily  accompanied  by  any  excess  of  cells.  It  has  more 
often  been  observed  in  syphilitic  or  tuberculous  meningo-rayelitis,  in 
which  conditions  there  is  superadded  a  considerable  increase  in  the  cell 
content.^  To  recognise  the  pleocytosis,  we  wait  until  the  coagulum  has 
retracted,  then  decant  the  supernatant  fluid,  centrifuge  it,  and  examine 
the  deposit  microscopically.  This  combination  of  tnassive  coagulation 
with  xantJiochrotnia  is  apparently  due  to  annular  constriction  of  the 
spinal  meningeal  space,  damming  up  of  the  cerebral  from  the  spinal 
fluid,  and  the  formation  of  a  stagnant  lumbo -sacral  meningeal  pouch 
or  cul-de-sac. 

In  acute  meningitis,  whether  tuberculous  or  pyogenic,  sugar  is 
almost  always  absent,  the  sugar  being  broken  up  by  the  organisms, 
with  the  formation  of  lactic  acid.  Hence  the  alkalinity  of  the  fluid 
is  reduced.  In  chronic  meningitis,  in  tabes,  and  in  general  paralysis 
of  the  insane,  sugar  is  often  diminished. 

The  Wassermann  reaction  in  the  cerebro-spinal  fluid  (consisting  in 
an  abnormal  fixation  of  the  blood-serum  complement,  whereby  the 
normal  haemolysis  no  longer  occurs  in  the  presence  of  red  blood-cor- 
puscles) is  frequently  of  the  greatest  diagnostic  value.  In  cerebro- 
spinal syphilis,  whether  of  meningo- vascular  type  or  of  parenchymatous 
type,  as  in  tabes  and  general  paralysis,  the  reaction  is  positive  in  vary- 
ing proportions.  Thus  in  general  paralysis  and  tabo -paralysis  (both 
of  them  actively-progressive  syphilitic  diseases),  it  is  positive  in  from 
98  to  100  per  cent,  of  cases,  in  tabetics  in  from  48  to  50  per  cent.,  and  in 
meningo-vascular  cerebro-s])inal  syphilis  in  from  8  to  25  per  cent.,^ 
being  more  marked  in  affections  of  the  spinal  than  of  the  cerebral 
meninges. 

The  urea  content  of  the  normal  cerebro-spinal  fluid  is  approximately 
the  same  as  that  of  the  blood,  i.e.  from  0-02  to  0-05  per  cent.     But  in 

^  Hudovcniig,  Ncurotogisches  Centralblalt ,  1917,  pp.  G57  aud  699. 

2  Raven,  Deutsch.  Zeitsch.  f.  NervenJieUkunde,  1912,  Bd.  44,  s.  381.     Greenfield, 
Lancet,  1912,  ii.,  p.  685. 

3  Mott,  Brii.  Med.  Journal,  November  18,  1911,  p.  1337.    Eichelberg,  Neurolo(/i«cIie« 
CtiUralblalt,  1912,  p.  931.     Head  aud  Fearusidcs,  Brain,  1914,  vol.  xxxvii.,  p.  79. 
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casea  of  uraBiiiia  the  cerebro-spinal  fluid  may  contain  urea  in  quantities 
of  O'l  to  0-2  per  cent.,  or  even  higher.^ 

A  simple  chemical  test  for  meningitis  is  by  means  of  a  solution  of 
potassium  permanganate  (0-1  per  cent.).^  Equal  parts  of  cerebro- 
spinal fluid  and  perm  nganate  solution  are  mixed  in  a  test-tube. 
With  normal  cerebro-spinal  fluid  the  colour  of  the  mixture  remains 
pink.  If  meningeal  changes  be  present,  however,  the  permanganate 
becomes  reduced,  and  a  yellow  or  brown  colour  appears  within  two  or 
three  minutes.  This  reaction  can  also  be  carried  out  as  a  "  ring- test," 
the  permanganate  solution  being  carefully  poured  on  the  top  of  the 
cerebro-spinal  fluid.  The  brown  and  yellow  zones  then  appear  at  the 
j  miction  of  the  two  fluids. 

Lange's  colloidal  gold  reaction^  also  enables  us  to  detect  the  presence 
of  inflammatory  changes  in  the  cerebro-spinal  fluid.  It  further  indicates 
whether  these  are  syphilitic  in  origiu  or  due  to  other  varieties  of 
infection. 

Its  underlying  princiijlc  consists  iu  the  fact  that  colloidal  solutions, 
whether  organic  or  inorganic,  are  protected  against  precipitation  in  the 
presence  of  a  small  amount  of  albmnin,  by  means  of  electrolytes.  When 
the  amountof  albumin  is  increased,  precipitation  occurs,  but  if  the  albumin 
increases  beyond  a  certain  point,  protection  against  precij^itation  again 
sets  in; 

Only  a  small  quantity  of  cerebro-spinal  fluid  (0'2  c.c.)  is  required 
for  the  test,  which  is  carried  out  as  follows : — 

To  a  Utre  of  freshly  distilled  water  are  added  10  c.c.  of  a  1  per  cent, 
solution  of  chloride  of  gold,  together  witli  5  c.c.  of  a  5  per  cent,  solution 
of  glucose.  This  is  heated  to  boiling-point,  and  then,  drop  by  drop, 
to  the  boiling  fluid  is  added  a  5  per  cent,  solution  of  caustic  potash,  until 
a  deep  red  colour  is  produced.  This  is  usually  obtained  with  from  3-6 
to  4  c.c.  of  KOH  solution.  All  the  above-mentioned  reagents  must  be 
made  with  freshly  distilled  water,  using  vessels  of  specially  piu"e  glass,  free 
from  any  trace  of  soda,  sterihsed  in  distilled  water.  If  the  resulting  solu- 
tion has  a  blue  tinge,  it  is  useless.    It  must  be  deep  red. 

A  row  of  10  or  12  narrow  test-tubes  is  set  up  in  series.  Into  the  first 
of  these  we  place  1*8  c.c.  of  a  0  4  per  cent,  solution  of  NaCl  (made  up  with 
frcslily  distilled  sterihsed  water),  together  with  0'2  c.c.  of  cerebro-spinal 
fluid,  constituting  a  1/10  dilution.  In  each  of  the  remaining  tubes  of  the 
series  we  place  1  c.c.  of  NaCl  solution.  From  tlie  first  tube  (which  con- 
tains 2  c.c.  of  a  1/10  dilution)  we  now  remove  1  c.c.  by  means  of  a  pipette, 
and  transfer  it  to  the  second  tube,  thus  making  a  dilution  of  1/20.  After 
thorough  mixing,  we  again  transfer  1  c.c.  from  the  second  to  the  third  tube, 
making  a  dilution  of  1/40,  and  so  on,  throughout  the  series  of  tubes,  ob- 
taining dilutions  of  1/10,  1/20,  1/40,  1/80,  1/160,  1/320,  etc.,  down  to 
1/10,240. 

*  Super  and  Grant,  Archives  Int.  Med.,  1914^  p.  131. 
'  Bovcri,  Miinchener  ined.  Wochenschrijt,  June  2,  1914,  p.  1216. 
3  Langc,  Berlin,  klin.  Wocl^ensch.,  1912,  No.  19.     Eicke,  Muruh.  med.  Wochetiscfi., 
1913.  No.  49. 
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To  each  of  these  tubes,  containing  1  c.c.  of  progressive  dilutions  of 
cerebrospinal  fluid,  we  now  add  5  o.c.  of  the  gold  solution.  The  whole 
technicpie  is  carried  out  in  about  five  minutes. 

Normal  cerebro-spinal  fluid  gives  a  negative  reaction,  i.e.  in.  all  the 
tubes  the  red  colour  remains  unchanged,  even  after  standing  twenty- 
four  hours.  If  inflammatory  changes  are  present,  however,  the 
albuminoid  substances  precipitate  the  gold,  changing  the  colour  from 
the  original  red  to  a  bluish-red,  to  lilac,  dark  blue,  pale  blue,  or  even  to 
a  colourless  solution.     In  the  latter  instance  the  precipitated  gold  falls 


Dilution 

80  160 


Red 


Blue  Red 


Violet. 


blue. 


Pale  Blue 


White. 


GENERAL        PARALYSIS 


tmimma^  -    1.  Gold-cuTVC  in  cerebro-spinal  Byphilis  and  tabes. 

2.        ,        „         general  paralysis. 

,  j  normal  cerebro-spinal  fluid  mixed  with  blood  serum. 

"~        "■       '         "      ( tuberculous  meningitis. 

—  •  —        4.      .,        „         purulent  meningitis  and  cerebral  abscess. 

FfG.  234. — Lange's  gold  reaction. 

down  as  a  blue-black  precipitate.  We  might  expect  this  decolourisation 
to  be  proportional  to  the  concentration  of  the  cerebro-spinal  fluid  and  to 
diminish  steadily  according  to  the  dilution.  This,  however,  is  not  so. 
Each  pathological  fluid  has  its  curve  of  precipitation — "  gold-curve," 
whose  maximum  lies  at  a  special  place  in  the  series  of  dilutions.  In 
syphilitic  infection  of  the  fluid  the  maximum  of  the  curve  occurs  at 
dilutions  of  1  40  to  1/80  (see  Fig.  234).  Stronger  or  weaker  dilutions 
produce  no  precipitation  of  gold.  This  curve  is  pathognomonic  of 
s)rphilis.  The  syphilitic  gold-curve  occurs  also  in  tabes.  Other  diseases 
associated  with  albumin  in  the  cerebro-spinal  fluid  yield  quite  different 
curves,  in  which  the  maximum  is  displaced  to  the  right,  so  that  with  the 
str(mger  concentrations  tlie  gold  solution  remains  unchanged,  the 
maximum  of  the  curve  occurrmg  further  down  the  series. 
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In  general  ixiralysis  the  gold-curve  appears  different,  inasmuch 
as  all  the  tubes  from  1  /lO  to  1  /640  are  completely  decolourised.  Never- 
theless we  observe,  iimuediately  after  adding  the  gold  solution,  that 
precipitation  always  begins  first  at  1  40  and  1/80,  just  as  in  cerebro- 
spinal syphilis,  whilst  in  the  other  tubes  of  the  series  it  occurs  much 
more  grsMhially. 

The  addition  of  Uood-sernm  to  a  iu)rnial  cerebro-spinal  fluid  gives 
a  gold-curve  whose  niaxiiuuni  is  displaced  considerably  to  the  right, 
when  compared  with  the  syphilitic  gold-curve.  Thus  the  accidental 
contamination  of  cerebro-spinal  fluid  with  traces  of  blood  during  the 
puncture  does  not  obscure  a  syphilitic  curve  if  present. 

Tuberculous  meningitis  gives  the  same  curve  as  blood-mixed  fluid, 
whereas  purtdent  meningitis  and  hrain  abscess  give  a  still  more  pro- 
nounced "  meningitic  "  curve,  whose  maximum  is  always  to  the  right 
of  the  syphilitic. 

(3)  Bacteriological  Characters. — These  are  chiefly  of  value  in 
cases  of  meningitis,  to  determine  the  particular  organism  causing  the 
disease.  Thus,  for  example,  in  epidemic  cerebro-spinal  meningitis  one 
or  other  strain  of  the  meningo-coccus  {diplococcus  intra-cellvlaris)  is 
found ;  in  tuberculous  meningitis,  the  tubercle  bacillus ;  and  in  other 
varieties  of  meningitis  we  may  find  staphylococci,  streptococci,  pneu- 
mococci,  typhoid  bacilli,  anthrax  bacilli,^  and  so  on.  We  should 
remember  that  failure  to  discover  tubercle  bacilli  does  not  necessarily 
exclude  tuberculous  meningitis,  though  their  presence  confirms  such  a 
diagnosis. 

To  demonstrate  the  bacilli  in  tuberculous  meningitis  it  is  convenient 
to  allow  the  fluid  to  stand  from  12  to  24  hours,  by  which  time  a  fine 
flocculent  coagulum  has  usually  formed.  This  is  removed  by  a  needle, 
spread  on  a  slide,  fixed  and  stained  in  the  usual  manner. 

In  doubtful  cases  inoculation  experiments  on  guinea-pigs  are  of 
value.  In  Landry's  ascending  paralysis  various  organisms  (tetracocci 
and  others)  have  occasionally  been  isolated  from  the  cerebro-spinal 
fluid  and  blood. 

(4)  Microscopic  Characters. — For  the  clinical  physician,  microscopic 
investigation  is  j)robably  the  most  valuable  mode  of  examination  of  the 
cerebro-spinal  fluid. 

A  good  method  is  to  centrifuge  a  given  quantity  of  the  fluid,  say  5  c.c, 
for  five  minutes,  thereby  collecting  into  a  small  deposit  all  the  cellular 
elements  which  may  be  present.  We  then  carefully  decant  off  all  the  super- 
jacent fluid,  turn  the  empty  tube  upside-down  and  scrape  the  bottom  with 
a  fine,  newly  made  capillary  pipette.  In  this  way  we  collect  the  sedunent, 
wliich  is  transferred  to  a  slide,  fixed  by  heat  or  alcohol-ether,  stained  by 
methyl  blue  or  by  .Tenner's  stain,  mounted  in  Canada  balsam  and  examined 
with  the  microscope. 

1  Beece,  Lancet,  March  17,  1917,  p.  406. 
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Specimens  prepared  as  above  described  afford  a  permanent  record 
of  the  variety  and  intensity  of  the  cellular  contents  present.  To  obtain 
absolute  accuracy  of  counting  we  employ  Fuchs  and  Rosenthal's  ^  counting- 
chamber,  a  modification  of  the  Thoma-Zeiss  blood-counting  chamber.  In 
using  this,  a  small  quantity  (10  cubic  mm.)  of  cerebro-spinal  fluid  is  mixed, 
by  means  of  a  special  graduated  pipette,  with  1  cubic  mm.  of  a  staining  fluid 
containing  methyl  violet  and  acetic  acid.  A  drop  of  the  mixture  is  placed 
on  the  counting-stage,  and  the  cells  are  counted.  The  results  so  obtained 
correspond  with  those  found  in  centrifuged  deposits,  but  are  more  accurate. 
But  the  preparation  so  obtained  is  not  a  permanent  one,  and  I  am,  therefore, 
now  in  the  habit  of  employing  both  the  centrifuge  and  the  counting-chamber, 
the  one  to  yield  a  permanent  specimen,  the  other  to  ensure  accurate  count- 
ing of  the  cellular  contents  of  the  fluid. 

In  rare  cases  we  may  find  parasites.  Thus,  for  example,  Castellani 
and  Bruce  ^  found  the  trypanosome  of  sleeping-sickness  not  only  in  the 
blood  of  such  patients,  but  also  in  the  cerebro-spinal  fluid,  where  it  is 
accompanied  by  lymphocytosis.  In  fact,  it  is  easier  to  identify  the 
trypanosome  in  the  cerebro-spinal  fluid  than  in  the  blood,  wherein  it  is 
likely  to  be  obscured  by  blood-corpuscles.  In  trichiniasis  the  motile 
embryo  worms  may  be  detected  not  only  in  the  muscles,  but  also  in  the 
cerebro-spinal  fluid. 

In  a  few  cases  of  metastatic  malignant  growi;hs  of  the  spinal  cord 
or  of  its  meninges,  tumour-cells  have  been  found  in  the  fluid.  But 
this  is  inconstant,  though  tumour-cells,  if  present,  have  a  high  positive 
diagnostic  value. 

By  far  the  most  valuable  point  to  be  determined  microscopically 
is  the  presence  or  absence  of  leucocytes,  observing  not  only  their 
number,  but  their  type.     This  is  the  so-called  cy to- diagnosis. 

Normal  cerebro-spinal  fluid  contains  no  polymorpho-nuclear 
leucocytes  and  only  an  occasional  small  mono -nucleated  lymphocyte, 
with  now  and  then  a  few  endothelial  plates.  Examination  of  the 
centrifuged  deposit  with  a  magnification  of  400  diameters,  according 
to  the  technique  described,  should  show  an  average  of  not  more  than 
two  or  three  lymphocytes  to  the  field,  or  from  1  to  3  per  cubic  mm. 
Sometimes  we  find  no  cells  of  any  sort. 

But  in  certain  organic  diseases  of  the  central  nervous  system  or  its 
membranes,  there  may  be  a  pleocytosis  or  excess  of  leucocytes,  whether 
polymorphs  or  monomorphs.  Briefly  stated,  in  cases  of  acute  microbic 
infection  of  the  brain  and  meninges,  especially  the  suppurative  varieties, 
we  find  a  polynuclear  pleocytosis,  where  the  leucocytes  are  mostly 
polymorphs,  with  some  large  monomorphs  as  well.  But  it  is  the  acute- 
ness  of  the  inflammatory  process,  not  its  microbic  origin,  which  is  the 
chief  factor  in  producing  polynuclear  pleocytosis.    Thus  I  have  experi- 

^  Wiener  medizinische  Presse,  1904,  s.  2084. 
2  Brit.  Med.  Journ.,  November  21,  1903. 
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mentally  produced  abundant  pol3rnuclear  pleocytosis  in  monkeys  by 
injecting  sterile  salt  solution  or  a  sterile  emulsion  of  coloured  particles 
into  the  spinal  theca. 

AMien  recovery  begins,  in  acute  meningitis,  the  polynuclear  leuco- 
cytes in  the  cerebro-spinal  fluid  diminish  in  numbers  and  become 
replaced  by  lymphocytes.  These  latter  in  turn  disappear  as  convales- 
cence becomes  complete. 

If  a  brain  abscess  be  present  without  implication  of  the  superjacent 
meninges,  as  sometimes  occurs,  the  cerebro-spinal  fluid  shows  no  excess 
of  leucocytes.  Examination  of  the  fluid  is  therefore  a  valuable  means 
of  distinguishing  between  meningitis  and  brain  abscess.  In  both  con- 
ditions a  blood-count  shows  a  great  excess  of  polymorphs  in  the  blood: 
thftse  may  number  from  10,000  to  25,000  or  more  (instead  of  from 
8,000  to  10,000  per  cubic  millimetre  as  in  health),  the  leucocytosis  of 
the  blood  being,  as  a  rule,  higher  in  meningitis  than  in  brain  abscess. 

In  subacute  and  chronic  affections  of  the  meninges,  whether  tuber- 
culous, syphilitic,  or  from  other  causes,  e.g.  lead-encephalopathy,  also 
in  certain  chronic  degenerative  diseases  of  the  central  nervous  system, 
we  usually  find  a  lymphocytosis,  i.e.  an  excess  of  small  monomorphs, 
sometimes  accompanied  by  a  small  proportion  of  large  monomorphs. 
In  cases  of  acutely  advancing  tuberculous  meningitis  w^e  often  find  a 
coasiderable  proportion  of  polymojphs  (30  per  cent,  and  upwards) 
amongst  the  monomorphs.  There  is  occasionally  a  marked  lymphocy- 
tosis in  cases  of  mumps,  and  in  this  disease  acute  encephalitis  some- 
times develops.  During  an  attack  of  herpes  zoster  and  for  a  number 
of  days  afterwards  there  is  often  a  lymphocytosis  of  the  cerebro- 
spinal fluid. 

Iji  the  early  days  of  an  attack  of  acute  anterior  poliomyelitis,  before 
the  onset  of  paralytic  symptoms,  we  find  well-marked  changes  in  the 
cerebro-spinal  fluid,  consisting  of  a  mixed  pleocytosis  (chiefly  mono- 
morphs, with  some  polymorphs),  together  with  an  excess  of  globulin. 
Meanwhile  the  blood  also  shows  a  distinct  leucocytosis,  with  a  relatively 
high  proportion  of  monomorphs.^  In  cases  of  acute  chorea  we  occa- 
sionally find  a  mixed  pleocytosis,  indicating  that  this  disease  is  not  to 
be  classed  as  a  pure  neurosis. 

In  several  cases  of  lymphatic  leukaemia  at  the  Westminster 
Hospital,  and  in  a  case  of  chloroma,  Hebb  also  observed  marked 
lymphocytosis  of  the  cerebro-spinal  fluid. 

In  functional  nervous  diseases  the  fluid  is  nornial. 

Let  us  study  some  illustrative  cases. 

One  case  was  an  example  of  epidemic  cerebro-spinal  meningitis,  in  a 
patient  who  was  comatose  and  apparently  moribund.     The  cerebro-spinal 

*  Fressell,  Journal  of  American  Med.  Assoc.,  March  4,  1911. 
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fluid  was  under  excessive  pressure,  of  turbid  appearance,  and  the  centri- 
fuged  deposit  showed  microscopically  an  average  of  87  3  polymorphs  to 
the  field.  Within  many  of  the  leucocytes  the  meningo-coccus  was  readily 
distinguished.  The  withdrawal  of  about  an  ounce  of  fluid  caused  prompt 
improvement  in  the  symptoms  and  the  patient  made  a  good  recovery. 

Another  case  was  that  of  an  officer  who  had  chronic  otitis  media  on  the 
loft  side.  He  rapidly  developed  mental  dulness  and  slight  aphasic  symp- 
toms, with  some  fever.  In  his  case  the  fluid  was  turbid,  and  showed  no 
fewer  than  371  polymorphs  to  the  field.  Operation  was  at  once  undertaken 
aiul  an  inflamed  area  of  brain  tissue  in  the  temporal  lobe  was  exposed. 
No  abscess  was  found.  The  symptoms  rapidly  subsided  and  the  patient 
made  a  complete  recovery. 

As  an  instance  in  which  the  cerebro-spinal  fluid  was  normal  may  be 
mentioned  the  case  of  a  child,  in  whom,  as  is  so  often  the  case,  a  deep- 
seated  pneumonia  was  ushered  in  by  head  symptoms  simulating  meningitis 
— so-called  "  meningism."  There  were  marked  headache,  some  head- 
retraction,  and  squint.  Moreover,  an  older  child  in  the  same  family 
had  previously  died  from  tuberculous  meningitis,  and  the  parents  were 
therefore  in  considerable  anxiety  as  to  the  possibility  of  this  case  being 
another  of  the  same  nature.  The  cerebro-spinal  fluid,  however,  showed 
no  excess  of  cells,  glucose  was  present  in  it  in  normal  amount,  and  Kernig's 
sign  was  absent.  Meningitis  was  therefore  less  likely  than  a  transient  toxic 
meningism,  and  an  encouraging  prognosis  was  given,  which  proved  correct. 

Meningism  occurs  chiefly  in  children,  and  especially  in  those  with  a 
tuberculous  diathesis.  The  symptoms  appear  during  the  course  of 
some  other  acute  febrile  illness,  especially  measles  and  mumps.  After 
the  meningitic  symptoms  have  subsided  there  is  often  a  stage  of 
transient  cerebellar  ataxia,  which  also  ultimately  clears  up.^ 

With  regard  to  cases  of  lymphocytosis,  the  most  striking  results  are 
those  observed  in  parenchymatous  cerebro-spinal  syphilis,  which 
include  general  paralysis  of  the  insane,  tabes  dorsalis,  and  "  optic 
tabes."  The  lymphocytosis  in  these  affections  (which  are  essentially  the 
same  disease  etiologically,  and  which  clinically  are  not  infrequently 
combined  in  the  same  patient)  is  more  marked  than  in  any  other  form 
of  organic  nervous  disease. 

Thus  in  a  series  of  forty  cases  of  general  paralysis  examined  by  me, 
the  average  number  of  lymphocytes  was  98*7  per  cubic  mm.,  the  lowest 
count  in  any  one  case  being  M'i,  and  the  highest  462. 

In  a  series  of  twenty-two  tabetics,  the  lowest  count  was  19  2,  the  highest 
477*1,  and  the  average  number  per  cubic  mm.  for  the  whole  series  was  144  "S. 

A  point  of  importance  noticed  in  cases  of  tabes  and  general  paralysis 
is  that  not  only  is  lymphocytosis  present  in  practically  every  case,  but 
it  is  often  extremely  marked  when  the  other  symptoms  of  the  disease 
are  very  slight. 

Thus,  for  example,  one  patient  had  lightning-pains,  analgesia  of  the 
tendo  Achillis,  but  no  ataxia,  no  abnormality  of  the  pupils,  and  brisk  knee- 
and  ankle-jerks.    Yet  his  cerebro-spinal  fluid  showed  150  lymphocytes  per 

*  Foerster,  Neurolog.  Centralhlatt,  1913,  p.  1414. 
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cubic  mm.,  and  his  was  undoubtedly  an  early  case  of  tabes.  The 
same  applies  to  general  paralysis.  One  patient  with  2396  lymphocytes 
per  cubic  mm,  was  an  early  case,  with  practically  no  mental  symptoms, 
simply  a  slight  loss  of  memory  and  a  history  of  two  attacks  of  unconscious- 
ness followed  by  transient  aphasia  and  weakness  of  the  right  hand — 
"  congestive  attacks." 

In  general  paralysis  the  fluid  practically  always  contains  "plasma 
cells." 

These  are  mononuclear  cells,  somewhat  larger  than  the  ordinary 
lymphocytes,  with  an  eccentrically-placed  circular  nucleus  which  has  a 
characteristic  "  clock-face "  arrangement  of  its  chromatin  granules. 
The  surrounding  protoplasm  is  abundant  and  stains  deep  pink  with  the 
pyronin  methyl-green  stain.  ^ 

We  therefore  possess  in  the  cytological  examination  of  the  cerebro- 
spinal fluid  a  valuable  means  of  recognising  tabes  and  general  paralysis 
in  their  earliest  stages.  If  no  excess  of  lymphocytes  be  present,  these 
two  varieties  of  parenchymatous  or  central  syphilis  can  usually  be 
excluded.^  Another  point  of  interest  is  that  during  the  pyrexial  attacks 
of  general  paralysis  there  is  a  temporary  polsmuclear  pleocytosis,  not 
only  of  the  blood,  but  of  the  cerebro- spinal  fluid.  Thus  in  a  case  of  my 
own  there  were  118  polymorphs  and  25  monomorphs  per  cubic  mm. 
Pappenheim  ^  also  has  recorded  similar  cases. 

Another  point  of  importance  is  that  syphilis  by  itself,  unless  there 
be  an  active  syphilitic  lesion  of  the  central  nervous  system,  or  of  its 
meninges,  as  in  the  well-known  syphilitic  headache,  produces  little  or 
no  excess  of  cells  in  the  cerebro-spinal  fluid.  A  transient  lymphocytosis 
may,  however,  occur  during  the  secondary  eruption  of  syphilis,  not  only 
in  patients  with  symptoms  of  headache,  insonmia,  etc.,  but  also,  though 
less  frequently,  in  patients  without  any  symptoms  pointing  to  cerebral 
nervous  disease.  In  tertiary  syphilis,  again,  without  nervous  pheno- 
mena, the  cerebro-spinal  fluid  is  usually  normal. 

Thus  we  see  that  the  presence  in  the  cerebro-spinal  fluid  of  a  positive 
Wassermann  reaction,  with  a  large  lymphocytosis,  and  the  presence  of 
globulin,  in  a  patient  who  has  had  syphilis,  is  of  grave  significance,  and 

^  Rehm,  Histol.  u.  histopath.,  Arbeit  iiber  die  Orosshirnrinde,  Bd.  3,  September  2, 
11)03.     Henderson  and  Winifred  Muirhead,  Rev.  of  Ne^irol.  and  Ptychiat.,  1913,  p.  1P5. 

2  This  rule,  however,  is  not  without  exceptions,  for  I  have  seen  a  case  of  tabes, 
with  ataxia,  Argyll-Robertson  pupils,  and  absent  knee-  and  ankle-jerks,  in  which  the 
corebro-spinal  fluid  contained  only  3-3  lymphocytes  per  mm.^,  and  another  advanced 
case  with  only  4  lymphocytes  per  mm.3  and  a  negative  Wassermann  reaction.  Erb,* 
Head  and  Fearnsides.f  and  others,  have  also  recorded  similar  cases,  which  signify 
that  the  disease  is  no  longer  progres.sive,  but  is  in  a  quiescent  stage,  either  spon- 
taneously or  as  a  result  of  treatment. 

•'  MonatHchriftfilr  Psychiatrie  und  Neurologie,  1907,  s.  536. 


*  Deutsche  Zeitsch.  f.  XerrenheUkunde,  1907,  p.  438. 
t  Brain,  1914,  vol.  37,  5.  101. 
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indicates  cerebro-spinal  syphilis,  either  of  the  meningo-vascular  type 
or  of  the  parenchymatous  type,  as  in  tabes  or  general  paralysis.  In 
such  cases  we  should  carefully  examine  for  other  signs  of  organic  disease, 
especially  for  Argyll-Robertson  pupils,  early  optic  atrophy,  alterations 
in  the  reflexes,  and  sensory  changes.  Even  if  no  clinical  sign  of  organic 
disease  be  present,  the  presence  of  globulin,  lymphocytosis,  and  a 
positive  Wassermann  reaction  in  the  cerebro-spinal  fluid  is  an  indica- 
tion for  energetic  anti-specific  treatment,  in  the  hope  of  preventing 
further  developments. 

The  presence  of  lymphocytosis  in  tuberculous  meningitis  is  readily 
understood,  also  that  which  occurs  in  tuberculous  tumours  on  the 
surface  of  the  brain.  It  is  more  difficult  at  present  to  account  for  the 
occasional  excess  of  lymphocytes  in  cerebral  neoplasms. 

Thus  one  case  of  glioma  of  the  centrum  ovale  had  no  fewer  than  75  l)Tn- 
phocytes  to  the  field,  a  count  which  led  one  to  expect  a  tuberculous  mass, 
there  being  no  probability  of  syphilis.  Yet  the  autopsy  showed  a  glioma 
which  had  in  no  way  approached  the  meninges;  and  a  haemorrhage  into 
the  substance  of  the  tumour  had  caused  death  by  bursting  into  the  lateral 
ventricle. 

Lymphocytosis  also  occurs  in  some  extra-medullary  tumours, 
especially  in  the  region  of  the  Cauda  equina. 

The  occurrence  of  eosinbphile  cells  in  the  cerebro-spinal  fluid  is 
practically  pathognomonic  of  cysticercus  infection  of  the  brain  or 
spinal  cord. 

Therapeutic  Applications  of  Thecal  Puncture. — Lumbar  puncture 
was  originally  introduced  by  Quincke  for  the  purpose  of  relieving  intra- 
cranial pressure  in  tuberculous  meningitis.  This  it  does  for  the  time, 
though  it  is  more  often  palliative  than  curative.  In  one  case  of  mine 
the  patient,  a  young  man,  comatose  and  apparently  moribund,  regained 
consciousness  for  a  day,  after  the  withdrawal  of  22  c.c.  of  cerebro  spinal 
fluid.  The  fluid  was  allowed  to  flow  until  the  increased  intra- thecal 
pressure  fell  to  normal.  The  importance  of  this  procedure,  not  only 
from  sentimental  reasons,  but  possibly  on  medico -legal  grounds,  is 
obvious.  In  any  case,  we  can  usually  diminish  or  abolish  the  convulsions 
which  are  so  distr3:;sing  to  the  onlookers.  But  sometimes  lumbar 
puncture  has  proved  curative,  even  in  tuberculous  meningitis.  Thus 
in  cases  recorded  by  Freyhan,^  Henkel,^  Barth,^  Pitfield,^  and  in 
others  under  my  own  care,  tubercle  bacilli  were  demonstrated  in  the 
cerebro-spinal  fluid  and  yet  the  patients  ultimately  recovered,  after 
repeated  punctures. 

1  Deutschemedizinische  Wochen^chrift,  1904,  No.  36. 

2  MiincJiener  medizinische  Wochenschrift.  1900,  s.  133. 

3  Ibid.,  1902,  No.  21. 

*  American  Journal  of  Medical  Sciences,  July,  1913,  p.  37. 
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In  other  forms  of  meningitis,  associated  with  a  polynuclear  pleocy- 
tosis  (apart  from  infective  cases  secondary  to  bone  disease),  especially 
in  epidemic  cerehro-sjjinal  meningitis,  good  results  have  been  obtained 
by  injections  of  antiseptic  substances,  after  withdrawal  of  a  cor- 
responding quantity  of  cerebro- spinal  fluid.  For  this  purpose,  a 
1  per  cent,  solution  of  lysol  has  been  found  useful,  10  to  20  cubic 
centimetres  being  introduced  at  each  sitting.^ 

Anti -meningococcus  serum,  prepared  from  immunised  horses, 
injected  in  doses  of  about  30  c.c.  repeated  on  several  successive 
days,  has  had  highly  encouraging  results  in  epidemic  meningitis.^ 

Other  sera  are  also  introduced  intra-thecally.  Thus  in  cerebro- 
spinal syphilitic  diseases,  including  tabes  and  general  paralysis,  we  may 
employ  the  patient's  own  blood-serum,  diluted  and  sterilised,  after  a 
previoiLs  intravenous  injection  of  salvarsan  or  neo-salvarsan.  Again, 
in  the  acute  febrile  stage  of  poliomyelitis  anterior  acuta,  a  curative 
serum  can  be  injected  intra-thecally. 

In  delirium  tremens  a  rapid  sedative  action  can  be  obtained  by  the 
intra-thecal  injection  of  50  cubic  centimetres  of  a  1  per  cent,  solution 
of  sodium  bromide,  after  previous  withdrawal  of  an  equivalent  amount 
of  cerebro-spinal  fluid.^ 

In  intra-cranial  pressure  due  to  other  causes,  as,  for  example,  in 
inoperable  or  inaccessible  cerebral  tumours,  lumbar  puncture  is  some- 
times of  distinct  benefit  as  a  palliative  measure,  by  diminishing  urgent 
pressure  and  thereby  relieving  headache,  vertigo,  and  other  symptoms. 
Hitherto,  to  relieve  intra-cranial  pressure  and  to  diminish  optic  neuritis, 
it  has  been  the  custom  to  trephine  the  skull  as  a  palliative  measure. 
But  lumbar  puncture  is  quicker,  simpler,  and  less  dangerous  than  a 
major  cranial  operation.  I  performed  it  in  three  cases  of  intra-cranial 
tumour.  In  all  of  them  the  headache  and  vertigo  were  greatly  relieved 
for  several  weeks  after  the  puncture,  and  an  opportunity  was  afforded 
of  studying  the  patient's  focal  symptoms  with  a  view  to  subsequent 
removal  of  the  growth.  In  intra-cranial  growths  we  must  be  careful 
not  to  withdraw  too  large  a  quantity  of  cerebro-spinal  fluid,  lest  sudden 
diminution  of  pressure  cause  a  haDmorrhage  into  the  tumour  (a  result, 
by  the  way,  which  sometimes  occurs  after  a  palliative  trephining). 
In  fractures  of  the  base  of  the  skull,  coma  may  be  quickly  relieved  by 
the  withdrawal  of  cerebro-spinal  fluid.  I  saw  such  a  patient,  after  a 
carriage  accident,  in  whom  lumbar  puncture  was  followed  by  rapid 
improvement.  The  procedure  may,  if  necessary,  be  repeated  several 
times  on  successive  days. 

In  cases  of  coma  due  to  sunstroke,  withdrawal  of  cerebro-spinal 

1  Fran9a,  Comptes  rendus  Soc.  de  Biologic,  1917,  Ixxx:,  p.  422. 

'  Ker,  Edtn.  Med.  Journal,  October,  1908. 

'  Kramer,  Boston  Med.  and  Surg.  Journ,,  October,  1913,  p.  646. 
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fluid  often  has  an  almost  immediate  curative  effect.  The  fluid  in  such 
cases  is  usually  under  increased  pressure  and  shows  a  polymorph 
pleocytosis,  indicative  of  an  acute  meningeal  reaction. 

Sometimes  the  pain  of  a  migrainous  attack  may  be  relieved  almost 
immediately  by  the  withdrawal  of  cerebro-spinal  fluid. 

Uraemic  coma  and  convulsions,  and  attacks  of  puerperal  eclampsia, 
are  often  relieved  in  a  striking  manner  by  lumbar  puncture,  and  in 
several  instances  life  has  undoubtedly  been  saved  by  such  means. 

For  example,  McVail^  records  two  cases  of  acute  nephritis  in  which, 
notwithstanding  energetic  treatment  by  purgatives,  hot-air  baths  and 
pilocarpin  to  induce  free  perspiration,  coma  and  convulsions  supervened. 
Lumbar  j»uncture  was  performed,  20  to  28  c.c.  of  cerebro-spinal  fluid  were 
mthdrawn,  and  within  three  or  four  hours  the  coma  passed  off,  the  con- 
vulsions ceased,  and  both  patients  ultimately  made  a  complete  recovery. 

Cases  like  these  raise  the  question  as  to  whether  the  headache,  coma, 
and  convulsions  in  nephritis  are  really  caused  entirely  by  "  uraemic 
poisoning"  of  the  brain-centres,  or  whether  they  may  not  be  largely 
due  to  a  sudden  increase  of  intra-cranial  pressure  as  part  of  the  general 
oedema. 

Again,  in  cases  of  tetanus,  it  has  been  shown  that  the  tetanus  poison 
has  a  selective  action  on  the  motor  nerve- cells  of  the  spinal  cord  and 
brain.  Therefore,  in  addition  to  removing  the  tetanus  bacilli  at  the  site 
of  inoculation  by  excision  of  the  original  wound,  we  endeavour  to 
neutralise  any  free  toxin  by  means  of  tetanus  antitoxin.  This  is 
sometimes  administered  hypodermicaUy  or  intravenously,  but  only  a 
fraction  of  the  antitoxin  thus  injected  reaches  the  nervous  system,  the 
main  mass  being  distributed  uselessly  to  other  tissues.  It  is  better  to 
administer  the  antitoxin  (with  perhaps  the  addition  of  stovaine)  by 
means  of  lumbar  puncture.  It  may  be  necessary  to  give  a  general 
anaesthetic,  to  relax  the  opisthotonos,  before  performing  the  spinal 
puncture. 

Strychnine  poisoning  is  also  successfully  treated  by  intra-thecal 
administration  of  eucaine. 

Injection  of  anaesthetic  drugs  by  thecal  puncture — so-called  spinal 
anaesthesia — ^is  useful  when  we  desire  to  perform  operations  on  the 
lower  limbs  or  trunk  without  rendering  the  patient's  brain  unconscious. 
Various  substances  have  been  successfully  employed  as  spinal  anaes- 
thetics, amongst  which  may  be  mentioned  magnesium  sulphate,  cocaine, 
stovaine,  and  a  mixture  of  novocaine  with  strychnine.^    It  is  desirable, 

1  Brit.  Med.  Journ.,  1903,  vol.  ii. 

2  The  following  are  examples  of  anaesthetising  solutions : — 

1.  Stovraine,   6   per  cent.;   glucose,   5  per  cent,    in   water.     Sp.    gr.  =  1023. 

Dose=l  c.c.     (Barker,  Brit.  Med.  Journ.,  1908,  p.  248.) 

2.  Stovaine,  4  per  cent.;  sod.  chloride,  0*11  per  cent.;  suprareuiu  borate. 
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if  possible,  to  have  a  solution  which  is  isotonic  with  the  blood-serum, 
i.e.  having  the  same  osmotic  tension. 

For  spinal  aneesthesia  in  operations  on  the  pelvis  and  lower  limbs  we 
generally  select  the  first  or  second  liuubar  interspace,  whilst  Jonnesco 
prefers  "  dorso-lumbar  "  injection  between  the  twelfth  thoracic  and  the 
first  lumbar  vertebra,  thereby  producing  analgesia  of  the  whole  abdo- 
men and  lower  limbs.  We  perform  our  puncture  in  the  mesial  line,  so 
that  the  roots  of  both  sides  may  be  equally  affected.  Before  injecting 
the  anaesthetising  solution,  we  withdraw  a  quantity  of  cerebro-spinal 
fluid,  exceeding  in  amount  the  fluid  to  be  introduced. 

Spinal  ansesthesia  is  essentially  a  root  anaesthesia,  due  to  paralysis 
of  the  posterior  roots.  On  injecting  a  solution  of  stovainc  in  the  lumbar 
region,  the  earliest  objective  signs  are  disappearance  of  the  knee-jerks 
(usually  within  one  minute),  then  of  the  ankle-jerks  (within  two  or 
three  minutes),  the  sujjerficial  reflexes  remainijig  iis  yet  unchanged. 
Concurrently  with  the  abolition  of  the  deep  reflexes  there  occurs  slight 
analgesia  of  the  perineum  and  genitals,  without  loss  of  tactile  sensibility. 
The  analgesia  gradually  deepens  and  spreads  over  the  lower  limbs,  and 
after  four  or  five  minutes  the  plantar  and  cremasteric  reflexes  disappear. 
Temperature  sense  becomes  lost.  Tactile  and  pressure  sense  disappear 
much  later  and  may  be  preserved  throughout.  Sense  of  position  is  last 
and  least  affected.  The  dartos  or  scrotal  reflex  is  unaffected.  Motor 
paralysis,  due  to  affection  of  the  anterior  roots,  supervenes  last  of  all, 
in  five  or  six  minutes,  beginning  in  the  feet  and  soon  affecting  the  whole 
musculature  of  the  lower  limbs.  The  deep  structures  also  become 
analgesic.  If  it  is  desired  to  reach  the  higher  roots  by  a  heavy  anaes- 
thetising fluid,  it  is  advisable  to  elevate  the  pelvis  higher  than  the 
thorax,  to  permit  the  fluid  to  gravitate  towards  the  thoracic  region. 
In  this  way  the  anaesthesia  may  extend  as  high  as  the  nipples,  or  even 
to  the  upper  limbs.  If  the  injection  be  made  with  the  patient  lying  on 
his  side,  the  heavy  anaesthetising  solution  gravitates  to  the  dependent 
side  and  therefore  exercises  its  effects  chiefly,  and  it  may  be  entirely, 
on  the  roots  of  that  side.  Thus,  for  exam2)le,  by  laying  a  patient  on  his 
left  side  and  injecting  in  that  posture.  Barker^  was  able  to  amputate 


0*01  per  cent,  in  water..  Sp.  gr.==100o.     Dose=l  o.c.     (Bier,  quoted  bv 
Barker,  Brit.  Med.  Journ.,  1907,  p.  665.) 

3.  Stovaine,   1-5  per  cent.;   cocaine,  0'6  per  cent,   in  ■«<rater.     Do8e=4  c.c. 

{Cha])ut,  La  PrtJuse  Medicale,  1907,  p.  753.) 

4.  Novocaine,  2  per  cent.;  .suprarenin  borate,  0-009  per  cent.;  NaCl,  0-9  ]»cr 

cent.    iSp.  gr.  =  1014.    Dose— 5  c.c.     {Braun,  Deutsche  iiied.  Wochen^ichr iff, 
1905,  H.  1667.) 

5.  Strychnine  sulphate,  5  to  10  eg.;  sterilised  water,   100  grams.     Of  this 

solution  1  c.c.  is  mixed   with  3  to  10  eg.  of  stovainc,  and  the  mixture  is 
injoctcfl  (.Jonnesco,  Brit.  Med.  Journal,  1900,  p.  1396.) 
Brit.  Med.  Juurii.,  190S,  p.  246. 
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the  left  leg  painlessly,  without  producing  sensory  or  motor  impairment 
of  the  right  lower  limb. 

After  lasting  for  45  to  90  minutes,  the  paralytic  phenomena  begin 
to  pass  off.  First  motor  power  returns,  then  the  analgesia  fades  away, 
and  last  of  all  the  reflexes,  superficial  and  deep,  reappear. 

|Spinal  anaesthesia  by  means  of  stovaine  can  also  be  employed,  as 
Jonnesco  ^  has  shown,  at  higher  levels  of  the  cord  if  strychnine  be  added 
to  the  stovaine  so  as  to  protect  the  cord  from  depressing  vasomotor  or 


-2D. 


Fio.  235. 


-Showing  sites  of  "upper  dorsal"  and  of  " dorso-lumbai " 
injections  for  spinal  anajsthesia.     (.Jonnesco.) 


respiratory  effects.  Fo;  operations  on  the  head,  neck,  and  upper  limbs 
Jonnesco  recommends  an  "  upper  dorsal  "  puncture,  between  the  first 
and  second  dorsal  vertebra?.  Injections  at  any  higher  level  are  unneces- 
sary, besides  being  too  close  to  the  medulla  oblongata  for  safety.  For 
operations  on  the  abdomen  and  lower  limbs,  Jonnesco  recommends  a 
"  dorso-lumbar  "  injection  between  the  twelfth  dorsal  and  fifth  lumbar 
vertebrae  (see  Fig.  235).  It  should  be  borne  in  mind  that  both  in  "  upper 
dorsal  "  and  in  "  dorso-lumbar  "  punctures  the  spinal  cord  lies  immediately 
subjacent  to  the  site  of  the  puncture,  and  it  is  therefore  important  to  stop 
the  needle  immediately  its  point  has  penetrated  within  the  spinal  theca, 
so  as  to  avoid  injury  to  the  spinal  cord. 

In   performing  an   "  upper   dorsal "   injection  we   first   feel  for  the 
vertebra  j)rominens  (seventh  cervical).     Then  taking  the  first  dorsal  spine 

1  Brit.  Med.  Joiirn.,  1909,  p.  1398. 
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immediately  below  this  (tlie  patient's  liead  being  strongly  flexed,  t,o  as  to 
separate  the  laminae),  we  slowly  push  in  our  needle,  in  the  mesial  plane, 
along  the  upper  border  of  the  second  dorsal  spine.  On  reaching  the  dura 
mater  a  momentary  resistance  is  felt,  and  when  the  needle  reaches  the 
arachnoidal  space,  cerebro-spinal  fluid  at  once  begins  to  trickle.  Unless 
fluid  is  seen  to  escape,  we  cannot  be  sure  that  the  point  of  the  needle  is  in 
the  arachnoidal  cavity.  Sometimes  it  is  useful  to  make  the  patient  cough, 
to  start  the  flow.  As  soon  as  the  fluid  begins  to  escape  we  attach  our 
injection-syringe  and  slowly  introduce  the  mixture  of  stovaine  and  strych- 
nine. After  an  upper  dorsal  injection,  if  the  operation  is  to  be  on  the  head 
or  neck,  the  patient  should  be  on  his  back.  If  the  operation  is  to  be  on 
the  upper  limbs  or  thorax,  he  should  sit  up  for  two  or  three  minutes  before 
lying  down. 

For  upper  dorsal  injections  Jonnesoo  recommends  relatively  smaller 
amounts  of  strychnine  (^  mg.)  and  of  stovaine  (1  to  3  eg.),  whereas  in 
dorso-lumbar  injections  the  doses  of  strychnine  (1  mg.)  and  of  stovaine 
(4  to  10  eg.)  are  large. 

Spinal  anaesthesia  is  contra-indicated  in  severe  scoliosis,  because 
of  the  diflB.culty  in  accurately  penetrating  the  theca.  It  is  also  better 
avoided  in  young  children  and  in  most  cases  of  hysteria.  Even  apart 
from  such  cases,  it  should,  I  believe,  be  reserved  for  very  special 
conditions,  as,  for  example,  acute  abdominal  cases,  conditions  of  shock, 
and  severe  cardiac  or  pulmonary  diseases,  where  a  general  anaesthetic  is 
particularly  dangerous.  From  the  patient's  point  of  view,  complete 
unconsciousness  is  generally  preferable  to  the  mental  strain  of  remaining 
conscious  whilst  an  operation  is  being  performed  on  his  analgesic  legs 
or  trunk. 

Of  the  morbid  phenomena  which  sometimes  follow  spinal  anaesthesia, 
the  most  frequent  is  headache ;  this  is  often  of  great  severity  and  may 
last  for  days;  it  is  probably  due  to  the  altered  intra-cranial  pressure 
produced  by  the  addition  of  the  anaesthetising  solution,  and  may  gener- 
ally be  relieved  by  a  simple  lumbar  puncture,  withdrawing  from  10  to 
20  c.c.  of  fluid.  In  three-fourths  of  cases  of  spinal  anaesthesia,  according 
to  Schwarz,^  there  is  a  slight  transient  albummuria,  lasting  for  a  week 
or  more.  Another  sequela,  fortunately  an  uncommon  one,  is  ocular 
palsy,  chiefly  of  one  external  rectus,  but  sometimes  of  some  other  ocular 
muscle;  such  palsy  may  last  for  days  or  weeks,  but  ultimately  clears  up. 

1  Zeitschrift  fur  Chirurgie,  1907,  s.  651. 


CHAPTER  XXIV 
DISORDERS  OF  SLEEP 

*'  The  innocent  sleep, 
Sleep  that  knits  up  the  ravelled  sleave  of  care, 
The  death  of  each  day's  life,  sore  labour's  bath. 
Balm  of  hurt  minds,  great  nature's  second  course. 
Chief  nourisher  in  '.Lfo's  feast." 

Shakkspeake:  Macbeth. 

Most  of  us  spend  about  one-third  of  our  life  asleep.  Nevertheless  the 
physiology  of  sleep  is  not  yet  completely  understood.  Let  us  recall 
the  chief  phenomena  of  ordinary  healthy  sleep.  Firstly,  there  is 
diminution  and  then  loss  of  conscious  recognition  of  ordinary  stimuli, 
such  as  would  ordin^irily  attract  our  attention,  whether  these  stimuli 
be  derived  from  the  outer  world  or  from  within  the  sleeper's  own 
organism.  There  is  also,  as  consciousness  is  becoming  blunted,  a 
characteristic  and  indescribable  sense  of  well-being.  Voluntary  move- 
ments become  languid  and  ultimately  cease,  and  the  muscles  of  the 
limbs  relax.  Meanwhile  there  develops  double  ptosis  or  drooping  of  the 
eyelids;  the  pupils  contract;  the  respiratory  movements  become 
slower  and  deeper,  the  pulse  is  slowed,  the  cutaneous  vessels  dilate  to  a 
slight  extent  and  the  general  temperature  of  the  body  falls,  whilst 
many  processes  of  metabolism,  such  as  those  of  digestion  and  of  certain 
secretions,  are  retarded. 

Many  of  these  phenomena,  e.g.  the  con^  racted  pupils,  slow  pulse, 
etc.,  are  evidences  of  increased  activity  of  t!ie  autonomic  system. 

Various  explanations  have  been  offered  to  account  for  all  these 
phenomena.  But  at  the  outset  we  should  recognise  that  the  process  is  a 
complex  one,  implicatmg  many  other  organs  besides  the  brain.  An 
animal  from  which  the  cerebral  hemispheres  have  been  removed  still 
shows  regular  alternations  of  sleep  and  waking. 

As  regards  the  condition  of  the  brain  during  natural  sleep,  it  is 
generally  admitted  that  it  is  anaemic.  If  we  observe  a  patient  or  an 
animal  that  has  been  trephined,  we  see  that  during  sleep  the  volume  of 
the  brain  is  diminished ;  it  sinks  in  and  becomes  pale,  i.e.  the  cortical 
vessels  are  contracted.  This  vaso-constriction  is  not  confined  to  the 
superficial  vessels  alone;  it  implicates  the  whole  cerebral  circulation, 
for  if  we  succeed  in  examining  the  patient's  retinal  vessels  with  an 
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oplitlialmoscope  without  wakening  him,  we  find  that  they  prepent  a 
similar  vaso-constriction.  Cerebral  anaemia,  then,  is  one  important 
factor  in  natural  sleep.  We  are  all  familiar  with  the  difficulty  of  doing 
mental  work  and  the  tendency  to  fall  asleep,  after  a  heavy  meal.  This 
is  doubtless  Explained  to  some  extent  by  the  occurrence  of  temporary 
abdominal  hypera^mia  together  with  compensatory  cerebral  anemia. 
Let  us  next  consider  the  condition  of  the  nerve-cells  during  slee}). 
The  activity  of  some  of  them,  certainly  of  the  cortical  cells,  is  tempor- 
arily diminished.  Some  writers  have  suggested  that  this  is  due  to  a 
retraction  of  the  dendrites,  by  a  sort  of  amoeboid  movement  whereby 
nerve-cells  previously  in  contact  become,  as  it  were,  temporarily  insu- 
lated. But  the  evidence  in  support  of  this  theory  is  far  from  convincing. 
In  fact,  modern  histological  observation  goes  to  show  that  nerve-cells 
are  not  meiely  in  contact,  but  that  neuro -fibril Ise  are  continuous  from 
cell  to  cell  throughout  the  nervous  system. 

Other  writers  ascribe  the  phenomena  of  sleep  to  poisoning  of  the 
nerve-cells  by  accumulation  of  carbon  dioxide,  or  to  intoxication  by 
other  waste-products  of  metabolism  acting  as  narcotics.  Be  this  as  it 
may,  we  must  bear  in  mind,  as  Claparede^  has  urged,  that  neither 
carbon  dioxide  poisoning  nor  intoxication  is  a  necessary  antecedent  to 
sleep.  On  the  contrary,  we  usually  sleep  for  the  purpose  of  avoiding 
auto-intoxication  and  of  preventing  exhaustion,  not  because  auto- 
intoxication or  exhaustion  has  supervened.  Healthy  sleep  is  not 
necessarily  a  poisoning  of  certain  nerve-centres  by  toxic  by-products. 
We  may  feel  intensely  fatigued  without  being  drowsy,  and,  conversely, 
we  may  feel  drowsy  without  being  physically  or  mentally  fatigued. 
Moreover,  there  is  a  regular  periodicity  whereby  a  healthy  person, 
whether  fatigued  or  not,  has  a  recurrent  appetite  for  sleep.  Sleep  has 
a  constructive,  anabolic,  invigorating  effect  on  the  whole  body.  Part 
of  this  effect  is  doubtless  due  to  physical  rest,  part  perhaps  to  inter- 
ruption in  the  production  of  toxins  arising  from  muscular  contraction, 
and  part  to  the  absence  of  stimuli  which  during  waking  hours  excite 
nervous  katabolism. 

Some  writers  have  assigned  special  importance  to  a  particular  region 
of  the  brain  in  connection  with  the  function  of  sleep,  and  especially 
to  the  floor  of  the  third  ventricle  and  the  Sylvian  aqueduct.  In  support 
of  this  they  point  out  the  familiar  ptosis  and  the  tendency  to  divergent 
strabismus,  both  of  which  might  be  explained  as  due  to  paresis  of  the 
ocular  nuclei.  They  also  recall  the  well-established  fact  that  tumours 
in  the  region  of  the  pituitary  body  or  infundibulum  are  specially  likely 
to  have  as  an  early  symptom  persistent  drowsiness,  possibly  from  sub- 
pituitarism.    Some  of  these  phenomena  could  be  explained  as  due  to 

*  Archives  de  Biologie,  1905. 


DISORDERS  OF  SLEEP  435 

cerebral  anaemia,  the  tumour  at  the  base  mechanically  compressing  and 
narrowing  the  arteries  which  form  the  circle  of  Willis.  This  has  been 
demonstrated  in  several  instances. 


Ftfl.  236. 


Fia.  236a. 

Figs.  236  and  236a.— Cystic  tumour  of  pituitary  infundibuium,  containing  colloid 
material  and  compressing  the  third  ventricle  from  below  upwards.  This  patient 
suffered  from  paroxysms  of  overwhelming  drowsiness  (narcolepsy). 

I  myself  had  under  my  care  the  case  of  a  large  cystic  growth  of  the 
pituitary  infundibuium  pressing  upwards  on  the  floor  of  the  third  ventricle 
(Figs.  236  and  236a)  in  a  young  woman  of  26,  in  whom  the  chief  symptoms 
were  paroxysms  of  overpowering  sleep.  She  ultimately  passed  into  a 
stuporose  condition  and  died.  No  paralytic  phenomena  occurred  during 
life,  nor  was  there  any  optic  neuritis.^ 

^  Review  of  Neurology  and  Psychiatry,  1909,  p.  225. 
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Another  case  of  mine  was  that  of  a  young  man  of  thirty-four  who  had 
intense  drowsiness,  paroxysmal  headaches,  and  signs  of  dyspituitarism, 
including  total  loss  of  sexual  power.  He  also  had  blindness  of  the  right 
eye  and  temporal  hemianopia  of  the  left,  with  slight  pallor  of  the  right 
optic  disc,  signs  pathognomonic  of  a  lesion  of  the  optic  chiasma.  All 
these  phenomena  were  due  to  a  tumour  of  the  pituitary  body.  His  drowsi- 
ness was  80  iutcnne  that  he  fell  asleep  if  he  sat  down,  and  only  with  diffi- 
culty could  ho  be  roused  for  exanxination. 

Another  factor  in  the  productioii  of  nr/airal  r.leep  is  the  absence  of 
violent  external  stimuli  such  as  loud  sounds  or  dazzling  light;  therefore 
silence  and  darkness,  by  withdrawal  of  stimuli,  conduce  to  sleep.  The 
pleasing  monotony  of  gently  reiterated  stimuli  often  has  a  similar 
soothing  effect  which  is  quite  sui  generis  and  is  closely  analogous  to  the 
condition  of  hjrpnosis.  It  cannot  be  ascribed  to  cerebral  anaemia, 
to  exhaustion,  nor  to  any  toxic  action. 

We  recognise  different  degrees  of  normal  sleep,  according  to  the 
strength  of  stimulus  necessary  to  rouse  the  sleeper  to  a  consciousness 
of  his  surroundings.  The  lightest  is  that  of  mere  drowsiness,  a  stage 
in  which  the  sleeper,  though  not  directing  his  conscious  attention  to 
surrounding  objects,  can  still  be  easily  wakened  by  moderate  stimuli 
such  as  ordinary  conversation,  light  touches,  etc. 

A  deeper  stage  is  sleep  with  dreams,  where  the  sleeper  is  unconscious 
of  his  surroundings,  but  yet  his  psychical  centres,  uncontrolled  and 
deprived  of  the  faculty  of  comparison  with  his  environment,  produce 
a  series  of  fantastic  mental  pictures.  Under  the  influence  of  dreams 
a  sleeper  may,  if  his  cortical  motor  centres  are  still  active  whilst  the 
psycho-sensory  centres  are  uncontrolled,  perform  motor  actions,  as  in 
the  well-known  stage  of  sleep  with  somnambulism.  But  in  health 
somnambulism  is  rare,  because  ordinarily  the  cortical  motor  centres 
are  dulled  simultaneously  with  the  sensory. 

Still  more  profound  is  the  stage  of  deep  dreamless  sleep.  This 
variety  merges  into  what  under  pathological  conditions  we  call  stupor 
and  ultimately  coma.  The  chief  distinguisliing  point  between  deep 
sleep  and  coma  is  that  a  sleeping  person  can  be  roused,  whereas  a 
comatose  patient  cannot. 

Disorders  of  Sleep. — We  sometimes  meet  with  pathological  drowsi- 
ness or  hypersomnia.  This  is  most  frequently  associated  with  some 
variety  of  toxaemia.  Perhaps  the  most  common  instance  is  that  of  an 
anaemic  young  woman.  Here  the  drowsiness  may  be  partly  toxic,  due 
to  absorption  of  poisons,  whether  from  a  loaded  intestine,  from  decay- 
ing teeth,  or  from  other  sources,  but  the  main  element  in  causation 
is  probably  vascular.  In  such  a  case  the  heart  is  devoid  of  energy, 
jind  the  vessels  throughout  the  body  are  flabby  and  deficient  in  tone. 
Tliorofore  in  the  erect  attitude  the  vessels  of  the  brain  are  badlv  filled, 
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and  if  the  patient  sits  down  during  the  day  she  feels  drowsy.  But  when 
she  lies  down  at  night,  the  brain  now  becomes  hyperaemic  from  want  of 
vascular  tone,  and  the  result  is  that  she  lies  awake.  This  combination 
of  diurnal  drowsiness  with  nocturnal  wakefulness  is  highly  character- 
istic. In  treating  the  condition,  besides  attacking  the  anaemia,  we  often 
administer  digitalis,  since,  besides  being  a  cardiac  tonic,  it  has  also  a 
vaso-constrictor  action.  If  digitalis  be  combined  with  iron  and  with 
bromide  of  potassium,  the  condition  usually  improves  rapidly. 

Drowsiness  also  occurs  in  other  conditions.  Myxcedemalous  patients 
are  habitually  sleepy  and  stupid,  probably  from  toxaemia  and  thyroid 
insufficiency.  So  also  are  many  idiots  and  cretins.  After  a  severe  fit 
of  epilepsy  it  is  common  for  the  patient  to  fall  into  a  deep  post-epileptic 
sleep,  largely  due,  no  doubt,  to  toxic  products  produced  by  the  nervous 
and  muscular  systems  during  the  fit.  Certain  tumours  of  the  brain, 
especially  those  in  the  region  of  the  floor  of  the  third  ventricle,  as  we 
have  already  seen,  are  associated  with  early  and  persistent  drowsiness ; 
so  also  are  some  cases  of  punctured  wounds  in  the  same  region.^  Else- 
where in  the  brain,  tumours  may  also  produce  drowsiness  at  a  late  stage 
of  the  disease,  probably  from  increased  intra-cranial  pressure,  though 
in  these  cases  the  condition  more  nearly  approaches  coma  and  ulti- 
mately merges  into  it.  The  intense  drowsiness  produced  by  the  com- 
bination of  exhaustion  with  extreme  cold,  as  in  Arctic  travellers, 
Alpine  climbers,  or  Atlantic  airmen  who  are  in  danger  of  being  frozen 
to  death,  is  probably  largely  due  to  deficient  circulation,  and  unless 
vigorous  measures  be  taken  to  stimulate  the  heart  and  the  general  cir- 
culation, sleep  passes  on  to  coma  and  death.  The  hibernation-sleep  of 
certain  animals  is  largely  due  to  winter-cold,  for  if  such  animals  be  kept 
in  a  warm  atmosphere  throughout  the  winter,  they  do  not  sleep  more 
than  in  summer  time.  The  delightful  drow^siness  produced  by  gazing 
into  a  red  fire  on  a  winter  afternoon  is  something  entirely  different. 
It  is  probably  a  mild  variety  of  hypnotic  sleep,  the  .continuous  red 
glow  acting  through  the  optic  nerves  by  a  summation  of  stimuli.  It 
is  not  a  question  of  the  mere  heat  of  the  fire,  for  unless  the  blaze  be  seen, 
drowsiness  is  less  likely  to  supervene.  A  similar  summation  of  stimuli 
probably  explains  the  well-known  church-drowsiness.  The  soothing 
monotony  of  the  sermon,  combined  with  the  sitting  posture  of  the 
listener  (who  thus  has  the  additional  excuse  of  a  degree  of  cerebral 
anaemia),  and  lastly  the  common  habit  of  closing  the  eyes  to  avoid 
visual  distractions — all  these  combine  to  make  church-drowsiness  a 
popular  disorder.  I  do  not  refer,  of  course,  to  wild  "revival"  meet- 
ings, nor  to  militant  political  or  sensational  sermons,  where  the  con- 
ditions, both  of  preacher  and  of  audience,  are  entirely  different. 
1  Ka&gg,  Lancet,  1907,  p.  1477. 
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But  there  are  other  pathological  varieties  of  sleep  to  which  we  must 
refer.  There  is  the  drowsiness  of  impendmg  urcemic  or  diabetic  conm, 
both  toxic  in  origin.  There  is  also  that  remarkable  tropical  disease, 
sleeping-sickness,  endemic  in  certain  parts  of  Africa,  and  associated 
with  the  presence  of  trypanosomes  in  the  blood,  glands,  and  cerebro- 
spinal fluid.  The  drowsiness  in  this  malady  is  doubtless  due  to  some 
toxin  produced  by  the  parasites.  In  the  later  stages  of  the  disease  a 
peri-vascular  cellular  infiltration  is  found  around  the  cerebral  vessels, 
a  variety  of  chronic  meningo-encephalitis,  somewhat  similar  to  that 
which  occurs  in  paralytic  dementia,  but  also  affecting  the  floor  of  the 
third  ventricle  and  iter.  A  lesion  of  similar  localisation  is  present  in 
the  various  types  of  lethargic  encephalitis  (see  p.  136)  and  a  toxic 
affection  of  this  same  region  probably  occurs  in  botulism  (p.  137). 
Both  in  lethargic  encephalitis  and  in  botulism  the  cranial  nerve  nuclei 
in  the  floor  of  the  iter,  especially  the  oculo-motor  nuclei,  tend  to  be 
affected,  producing  squint  or  other  ponto-bulbar  phenomena. 

Ankylostomiasis  often  produces  drowsiness,  probably  from  toxic 
absorption  resulting  from  the  intestinal  parasites. 

Narcolepsy  is  a  condition  in  which  the  patient  has  sudden  paroxysms 
of  sleep  in  the  midst  of  whatever  occupation  he  may  be  pursuing  at 
the  moment.  Most  of  these  cases  are  hysterical.  I  remember  one 
such  patient  who  used  to  fall  asleep  when  playing  the  piano  or  during 
a  game  of  cards  (especially  if  he  held  a  losing  hand).  He  showed 
numerous  other  hysterical  phenomena,  and  the  diagnosis  presented  no 
serious  difficulty.  Hysterical  narcolepsy  is  also  met  with  in  war- 
time. The  attack  comes  on  suddenly,  during  or  after  a  bombardment. 
The  patient  appears  to  be  asleep  and  cannot  be  roused.  But  he  resists 
attempts  to  separate  the  eyelids  whilst  the  orbiculares  oculorum  often 
show  a  fine  tremor.    After  a  day  or  two  the  patient  suddenly  wakes  up. 

Other  cases  of  narcolepsy,  however,  are  associated  with  organic 
diseases  of  the.  pituitary  body  or  in  the  floor  of  the  third  ventricle. 
Others,  again,  occur  in  an  otherwise  healthy  individual  independently 
both  of  hysteria  and  of  organic  brain-lesions.  In  congenital  narcolepsy 
there  occur  j)aroxysms  of  sudden,  overwhelming  sleep  appearing  at  the 
age  of  puberty  and  recurring  for  many  years  afterwards.  These  attacks 
are  liable  to  be  induced  by  emotional  excitement,  particularly  if  the 
patient  laughs,  when  his  muscles  suddenly  relax  and  he  falls  sound 
asleep. 

The  hypnotic  trance  is  another  condition,  analogous  in  some  respects 
to  ordinary  sleep,  but  time  does  not  allow  us  to  discuss  it  here.  Suffice 
it  to  say  that  the  phenomena  of  hypnosis  can  be  induced  by  repeated 
monotonous  stimuli,  visual,  auditory  or  otherwise,  aided  by  suggestion. 
The  patient  is  thereby  made  to  fall  into  a  sleepy  condition,  varying  in 
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intensity  from  mere  drowsiness  to  dreams  (the  incidents  of  which  are 
controlled  by  suggestion),  to  sonmambulism,  or  to  deep  dreamless 
slumber  lasting  perhaps  for  many  hours.  There  are  also  the  well- 
known  phenomena  of  spontaneous  somnambulism,  due  to  the  remaining 
awake,  as  it  were,  of  the  cortical  motor  centres  when  the  higher  sensory 
and  pyschical  centres  have  lost  their  power  of  inhibition.  Such  a 
patient  gets  up  and  acts  his  dream. 

Nightmares  are  horrifying  dreams  associated  with  a  feeling  of 
agonising  helplessness,  and  producing  so  much  distress  that  they  some- 
times waken  the  patient  up  in  a  state  of  dyspnoea.  They  are  generally 
toxic  in  origin.  Their  commonest  cause  is  gastro-intestinal  fermenta- 
tion, certain  articlesof  diet  (proverbially  a  lobster  supper) being  specially 
liable  to  produce  bad  dreams.  In  children  nightmares  ofter  recur 
again  and  again  with  the  peculiarity  that  the  terrifying  hallucination 
is  the  same  on  each  occasion.  Here  again  gastro-intestinal  fermenta- 
tion is  often  a  factor.  Still  more  frequently  do  we  find  that  the  child 
has  adenoids,  which  interfere  with  respiration  and  produce  a  degree 
of  carbon  dioxide  poisoning.  Removal  of  adenoids  and  attention  to  the 
bowels  cure  most  cases  of  night-terrors  in  children.  Patients  with 
tropical  abscess  of  the  liver,  curiously  enough,  are  particularly  liable 
to  horrible  dreams,  so  much  so  that  they  may  be  afraid  to  fall  asleep. 
Here  again  the  condition  is  doubtless  toxic.  Nightmare  is  also  a 
frequent  symptom  in  patients  with  aortic  regurgitation.  In  them  the 
condition  is  not  toxic,  but  vascular  in  origin,  due  to  irregularity  in  the 
blood-supply  and  to  pulsation  in  the  cortical  capillaries. 

In  patients  suffering  from  war-neuroses,  terrifying  dreams  are 
frequently  associated  with  a  low  blood-pressure,  and  if  this  can  be 
restored  to  normal  by  suitable  treatment,  e.g.  pituitrin,  adrenalin, 
etc.,  the  dreams  often  lose  their  element  of  terror. 

Lastly,  let  us  consider  the  subject  of  sleeplessness  or  insomnia. 
Cases  of  insomnia  may  be  divided  into  two  great  classes,  the  extrinsic 
and  the  intrinsic. 

Extrinsic  insomnia  includes  those  cases  in  which  the  sleeplessness 
is  secondary  to  some  outside  cause,  not  directly  arising  in  the  cerebrum 
or  its  blood-vessels.  For  example,  physical  pain  of  any  sort,  cough, 
vomiting,  frequent  micturition,  diarrhoea,  pruritus,  and  so  on,  may 
keep  a  patient  awake.  In  all  such  cases  we  must  treat  the  primary 
symptom;  when  it  is  relieved,  sleep  will  follow  naturally.  This  group 
also  includes  emotional  insomnia,  which  is  more  often  the  result  of 
grief  than  of  joy,  and  more  commonly  associated  with  fear  or  appre- 
hension for  the  future  than  with  remorse  or  sorrow  for  the  past. 
When  pleasurable  emotion  does  cause  insomnia,  it  is  generally 
due  to  anticipation  of   some    happiness    in   the  immediate  future. 
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A  man  does  not  usually  lie  awake  because  someone  is  going  to 
leave  him  a  fortime  twenty  years  hence,  but  he  may  spend  a  sleepless 
night  on  the  eve  of  his  wedding.  The  treatment  of  emotional  insomnia, 
apart  from  assuaging  the  patient's  sorrow  (a  matter  which  is  often 
beyond  the  physician's  sphere),  is  best  accomplished  by  giving  some 
cerebral  sedative,  such  as  a  mixture  of  chloral  and  potassium  bromide. 
The  insomnia  of  extreme  joy  seldom  calls  for  treatment,  but  if  the 
patient  becomes  too  excited  here  again  a  cerebral  sedative  may  be 
given. 

We  are  much  oftener  consulted  with  regard  to  the  other  kind  of 
insomnia,  which  we  may  call  intrinsic  insomnia.  This  is  commonly 
due  to  vascular,  toxic,  or  nervous  faults,  or  to  combinations  of  all  three. 

As  to  vascular  causes,  the  brain  may  be  hypersemic,  rendering  sleep 
impossible.  HypersBmic  insomnia  may  be  either  of  the  high-tension 
or  of  the  low-tension  type.  In  high-tension  vascular  insomnia  the 
patient  may  be  the  subject  of  general  arterio-sclerosis  or  of  renal 
disease;  or  the  condition  may  accompany  a  war-neurosis.  The  hyper- 
tension is  readily  demonstrated  by  the  Riva-Rocci  sphygmo-mano- 
meter.  In  such  cases  the  patient  complains  of  difficulty  in  falling  ofE 
to  sleep.  A  useful  remedy  for  this  is  to  relax  the  vessels  by  some  vaso- 
dilator such  as  erythrol  tetranitrate,  and  to  give  a  mercurial  aperient 
such  as  blue  pill  or  calomel,  say  two  or  three  times  a  week.  This  often 
brings  down  the  tension  in  a  remarkable  way,  and  induces  sleep.  Of 
course  we  also  lay  down  careful  regulations  as  to  diet,  etc.,  in  these 
Cises.  Low-tension  vascular  insomnia  occurs  in  ansemic  and  neuras- 
thenic patients,  as  already  explained,  and  is  characterised  by  the  fact 
that  when  the  patient  sits  erect  in  a  chair  he  becomes  drowsy,  whereas 
when  he  lies  down  in  bed  the  brain  becomes  over-filled  with  blood  and 
the  patient  cannot  get  to  sleep.  In  such  cases  the  best  remedy  is  a  com- 
bination of  a  cardio -vascular  tonic  like  digitalis  with  a  moderate  dose 
of  bromide  of  potassium.  Vascular  insomnia,  whether  of  high-tension 
or  of  low-tension  type,  is  often  associated  with  cold  feet.  If  the  feet 
can  be  made  warm,  the  cerebral  hyperaemia  tends  to  become  alleviated. 
A  cup  of  hot  milk  or  hot  soup,  by  producing  abdominal  hypersemia, 
oft^n  relieves  hypereemic  insomnia. 

Insomnia  is  one  of  the  most  distressing  symptoms  of  chronic  heart- 
failure.  Just  when  dropping  off  to  sleep  the  patient  suddenly  starts 
awake  with  a  feeling  of  suffocation,  gasping  for  breath.  This  is 
probably  due  to  deficient  circulation  in  the  medulla  oblongata.  We 
treat  this  condition  by  cardiac  tonics,  together  with  one  of  the  non- 
dei)ro.ssant  pure  hypnotics,  or  even  by  morphia,  cautiously  administered 
and  combined  with  Htr<>j)ino. 

Next  we  have  toxic  insomnia,  which  is  one  of  the  commonest 
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varieties  met  with  in  practice.  Many  cases  are  associated  with  gastric 
or  intestinal  fermentation,  and  especially  with  dilatation  of  the  stomach. 
The  symptoms  are  characteristic.  The  patient  falls  asleep,  but,  after 
an  hour  or  two,  varying  according  to  the  degree  of  gastric  dilatation, 
he  wakes  up,  perhaps  after  a  horrible  dream,  with  palpitation,  profuse 
sweating  or  gastric  uneasiness.  He  may  have  a  sinking  feeling  with 
craving  for  food,  and  if  he  eats  a  biscuit  or  some  other  simple  food,  the 
stomach  contents  are  temporarily  diluted  and  for  the  time  he  feels 
relieved.  This  may  mislead  him  into  thinking  that  his  sleeplessness  is 
due  to  exhaustion  from  want  of  food,  which  is  fp.r  from  the  fact.  During 
his  waking  hours  he  is  often  very  depressed,  hypochondriac,  and 
almost  melancholic.  When  we  have  a  clinical  history  of  this  sort,  we 
should  carefully  examine  the  abdomen.  If  we  find  the  physical  signs 
of  dilated  stomach,  we  treat  the  patient  accordingly,  putting  him  on  a 
dry  dietary,  free  from  starchy  foods  or  green  vegetables,  and  attending 
carefully  to  the  bowels.  Meanwhile  we  administer  gastro-intestinal 
antiseptics  such  as  carbolic  acid,  creosote,  /8-naphthol,  or  sulpho- 
carbolate  of  soda.  To  give  hypnotics  in  such  cases,  without  correcting 
the  gastric  condition,  is  worse  than  useless. 

Amongst  the  toxic  forms  of  insomnia  we  must  not  omit  to  refer 
to  the  sleeplessness  produced  by  chronic  excess  in  alcohol,  culminating 
sometimes  in  delirium  tremens,  also  the  insomnia  of  acute  fevers. 
Both  in  fever  and  in  delirium  tremens,  sleep  can  often  be  induced  by  a 
cold  pack  or  cold  sponging.  Insomnia  may  result  sometimes  from 
excessive  tobacco  smoking,  which  produces  its  effect  partly  by  its  action 
on  the  nerve-cells,  partly  by  its  influence  on  the  circulation.  Strong 
tea  ojr  coffee  may  also  act  in  a  similar  fashion,  keeping  a  patient  awake. 
Insomnia  may  occur  in  secondary  or  tertiary  syphilis,  even  apart  from 
the  familiar  nocturnal  headache:  this  variety  yields  promptly  to 
mercury. 

Lastly,  there  is  primary  or  "nervous"  insomnia,  due  to  over-fatigue, 
especially  from  mental  over-work.  We  see  many  instances  amongst 
busy  professional  or  business  men.  But  in  most  cases  there  are  several 
factors  involved,  not  only  the  toxins  of  exhaustion,  but  those  of  hasty 
and  ill-digested  meals,  together  with  a  succession  of  powerful  mental 
stimuli,  and  the  persistent  cerebral  hyperaemia  of  the  brain- worker. 

In  every  case  of  primary  insomnia,  besides  correcting  any  gastric, 
intestinal,  or  vascular  fault  that  may  be  present,  we  should  make  it  a 
golden  tule  to  send  the  patient  away  for  a  complete  holiday.  These 
are  also  the  cases  for  the  employment  of  the  pure  hypnotics,  which  have 
a  direct  sedative  action  on  the  psycho -sensory  cortex.  The  name  of 
these  drugs  is  legion,  and  I  do  not  propose  to  discuss  them  exhaustively. 
Amongst  the  most  reliable  is  paraldehyde.     Its  nauseous  taste  is  no 
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drawback,  since  it  prevents  the  patient  from  acquiring  a  habit  for  the 
drug.  Of  the  other  hypnotics  I  need  only  mention  a  few,  such  as 
chloral  hydrate,  sulphonal,  and  veronal.  We  should  never  allow  a 
patient  carte  blanche  to  take  a  hypnotic  drug  on  his  own  initiative. 
Self-drugging  with  hypnotics  is  highly  dangerous.  No  hypnotics 
should  ever  be  taken  without  the  express  authority  of  the  physician. 
Nor  should  anyone,  even  though  he  be  a  medical  man,  prescribe 
hypnotics  for  himself ;  he  should  call  in  a  prof er  ional  colleague. 

Drugs  like  hyoscine  and  morphia  are  our  last  resort  in  obstinate 
insoumia.  In  severe  cases  of  excited  mania  or  melancholia  gr.  j^  of 
hvoscine,  hypodermically,or  gr.  i  of  morphine  with  gr.  ,  ^  of  atropine, 
soothe  the  patient  in  a  remarkable  way.  Persistent  insonmia  in  cases 
of  insanity  is  of  serious  omen.  Most  alienist  physicians  insist  on  having 
charts  kept  of  the  amount  of  sleep  obtained  by  each  insane  patient, 
since  severe  insonmia  recurring  regularly  for  a  month  or  more  in  cases 
of  insanity  renders  the  prognosis  as  to  recovery  very  unfavourable. 


CHAPTER  XXV 

INTRACRANIAL  TUMOURS 

For  clinical  purposes  we  include  under  this  heading  not  only  the 
neoplasms  proper  (glioma,  sarcoma,  endothelioma,  fibroma,  carcinoma, 
etc.),  but  also  gimmiatous  and  tuberculous  growths,  parasitic  and  other 
cysts,  aneurisms,  and  even  abscesses.  All  of  these  may  be  regarded 
as  slowly-growing  foreign  bodies,  which  sooner  or  later,  according  to 
their  situation  within  the  cranial  cavity,  produce  clinical  phenomena 
which  render  their  diagnosis  possible. 

Progressive  cerebral  lesions,  as  a  rule,  produce  their  effects  not 
so  much  by  destruction  of  brain  substance,  but  mainly  by  interference 
with  the  circulation  in  the  affected  region  of  the  brain,  together  with 
displacement,  distortion,  and  compression  of  the  nerve  elements. 
Only  in  a  few  instances  {e.g.  in  carcinoma,  melanotic  sarcoma)  are 
the  nerve  elements  directly  destroyed  by  the  tumour  cells.  The  im- 
portance of  the  circulatory  element  is  shown  by  the  fact  that  paralytic 
focal  symptoms  may  completely  clear  up  after  the  evacuation  of 
an  abscess  or  hsematoma,  or  after  a  decompressive  operation  for 
tumour.  Moderate  compression  produces  local  venous  engorgement 
with  increased  excitability  of  the  brain-tissue;  further  increase  of 
the  abnormal  pressure  produces  local  cerebral  anaemia,  with  loss 
of  function  and  paralytic  phenomena. 

Two  classes  of  signs  and  symptoms  occur  in  intra-cranial  tumours : 
firstly,  general  symptoms  of  increased  intra-cranial  pressure,  indepen- 
dent of  the  position  of  the  tumour ;  and  secondly, /omZ  symptoms,  which 
vary  according  to  the  particular  part  of  the  brain  implicated  by  the 
growth.  General  symptoms  enable  us  to  say  that  there  is  a  tumour 
somewhere  within  the  skull;  in  order  to  locate  the  growth  precisely, 
we  must  search  for  localising  symptoms,  which  are  usually,  though  not 
necessarily,  later  in  onset.  If  localising  symptoms  are  absent,  focal 
diagnosis  may  be  impossible. 

General  Ssnnptoms. — The  cardinal  phenomena  of  intracranial 
tumour  are  three  in  number,  viz.  headache,  optic  neuritis,  and  vomiting. 
To  these  may  be  added  others,  such  as  mental  changes,  generalised 
convulsions,  giddiness,  slowing  of  the  pulse,  etc.  The  triad  syndrome 
of  headache,  optic  neuritis,  and  vomiting  should  always  suggest  the 
possible  presence  of  an  intra-cranial  growth.     But  before  diagnosing 
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cerebral  tiunour  from  these  three  signs  alone,  we  must  be  careful  to 
exclude  three  othprjutn^flitions,  any  of  which  may  produce_the  triad 
^^ildiome.  These  conditions  are  kidney  disease,  severe  aneemia,  and 
lead-noisoning,  all  of  them  easy  of  recognition  if  we  bear  the  point  in 
mind. 

Headache  is  the  most  constant  symptom  of  intra-cranial  tumour; 
it  generally  appears  at  some  period  or  other,  sooner  or  later.  Its 
severity  is  sometimes  intense.  Usually  it  is  a  constant  dull  pain  with 
paroxysms  of  agonising  intensity.  The  paiji  may  be  diffuse  or  localised. 
If  localised,  its  position  does  not  necessarily  correspond  with  the  situa- 
tion of  the  tumour,  except  with  tumours  at  or  near  the  surface  of  the 
brain,  when  the  paiji  may  sometimes  be  directly  over  the  growth  and 
accompanied  by  constant,  circumscribed  tenderness  on  percussion  or 
pressure  or  even  by  a  local  alteration  of  percussion-note.  But  too  much 
stress  should  not  be  laid  on  the  existence  of  localised  pain,  unless  accom- 
panied by  other  focal  signs.  Thus,  for  example,  cerebellar  tumours  often 
produce  frontal  headache,  and  in  one  case  of  my  own^  a  right-sided 
cerebellar  growth  was  accompanied  by  pain  limited  to  the  left  frontal 
region.  The  headache  of  intra-cranial  tumour  is  intensified  by  excite- 
ment, by  exertion,  or  by  any  temporary  cerebral  hypersemia. 

Optic  tieuritis  or  "  choked  disc,"  detected  with  the  ophthalmo- 
scope, should  be  looked  for  in  every  case  of  suspected  intra-cranial 
tumour.  But  it  should  be  borne  in  mind  that  while  the  presence  of  optic 
neuritis  is  one  of  the  strongest  evidences  of  intra-cranial  mischief,  no 
weight  should  be  laid  on  its  absence  if  other  signs  point  to  intra-cranial 
growth.  Even  apart  from  actual  neuritis,  increased  intra-cranial 
pressure  often  causes  a  concentric  limitation  of  the  visual  field  for  blue. 
This  may  even  amount  to  blue-blindness.^  Optic  neuritis  from  brain 
tumour  is  relatively  more  frequent  in  hypermetropic  than  in  myoj)ic 
eyes,^  probably  because  the  myopic  eyeball  more  easily  allows  of  rapid 
escape  of  effused  lymph  from  the  inflamed  optic  disc.  Another  point 
of  importance  is  that  inteiLse  optic  neuritis  may  coexist  with  perfect 
vision.  But  in  time,  optic  neuritis  generally  progresses  to  optic 
atrophy,  with  its  accompanying  blindness.  Many  patients  with  intra- 
cranial tumour  have  early  transient  blindness,  sometimes  momentary, 
sometimes  lasting  for  a  few  hours  or  days  at  a  time,  in  one  or  both  eyes. 
Trephining  the  skull  and  opening  of  the  dura  mater  generally  relieve 
optic  neuritis,  even  though  the  growth  be  not  removed;  they  also  give 
considerable  relief  to  the  headache.  The  optic  neuritis  of  brain  tumours, 
though  generally  affecting  both  eyes,  may  be  unequal  on  the  two  sides 

1     Klin.   II  us  p.   Reporls,.  1895.     An  alinoHt  identical  case  has   been  recorded  by 
.Sachs  [Medical  Record,  December  22,  1906). 

-     (lushing,  Johnj<  Hopkins  Hodp.  Bulletin,  1909,  xx.,  p.  95. 
3     CJunn,  Brit.  Med.  Jmrn.,  1907,  j).  1126. 
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or  it  may  be  even  uni-ocular.  On  the  whole,  the  greater  intensity 
tends  to  be  on  the  same  side  as  the  tumour,  especially  in  frontal  and 
cerebellar  timiours,  though  this  rule  is  not  invariable.  la  cerebellar 
tumours  optic  neuritis  is  specially  early  in  onset. 

Vomiting  is  a  less  constant  phenomenon  than  headache  and  optic 
neuritis,  except  in  timiours  of  the  posterior  fossa,  in  which,  from  the 
very  outset,  it  is  rarely  absent.  ' '  Cerebral ' '  vomiting  differs  from  the 
ordinary  vomiting  of  abdominal  disorders.  It  usually  occurs  inde- 
pendently of  food,  and  is  unassociated  with  other  gastro-intestinal 
symptoms.  Moreover,  it  is  often  unpreceded  by  nausea,  and  thus  has 
a  curious  "  projectile  "  character.  A  change  of  posture  of  the  head  is 
sometimes  enough  to  induce  an  attack  of  cerebral  vomiting. 

Amongst  the  other  "  general"  symptoms  we  must  mention  pro- 
gressive mental  dnlness.  This  is  apparently  to  a  large  extent  the  result 
of  increased  intra-cranial  pressure  and  of  persistent  headache.  The 
patient  becomes  apathetic,  dull,  and  slow  in  answering  questions;  he 
loses  interest  in  his  ordinary  affairs.  Sometimes  he  becomes  over- 
whelmingly drowsy  and  finally  comatose.  In  the  later  stages  the 
sphincters  are  imcontrolled.  Mental  changes  are  particularly  early 
of  onset  in  tumours  of  the  pre-frontal  region,  altogether  independently 
of  the  intensity  of  the  headache. 

Generalised  epileptiform  convulsions  (as  distinguished  from  Jack- 
sonian  attacks)  may  be  produced  by  tumours  in  almost  any  part  of  the 
brain,  not  necessarily  in  the  immediate  neighbourhood  of  the  motor 
areas.  Such  convulsions  probably  result  mainly  from  increased  intra- 
cranial pressure,  and,  as  a  rule,  occur  comparatively  late  in  the  disease. 
But  they  may  also,  though  less  commonly,  appear  as  the  initial 
symptom  of  an  intra-cranial  growth.  In  such  cases  epilepsy  is  some- 
times diagnosed,  and  until  further  phenomena  (such  as  optic  neuritis 
or  focal  signs)  develop,  the  error  is  unavoidable.  More  usually  general 
convulsions  are  a  late  phenomenon,  and  there  are  antecedent 
physical  signs  to  guide  us. 

Atta<;hs  of  giddiness  are  often  complained  of  in  brain  tumour. 
Sometimes  these  are  merely  indescribable  feelings  of  confusion;  in  other 
cases  there  is  a  true  vertigo  or  feeling  of  uncertainty  in  equilibration. 
Vertigo  is  specially  early  and  severe  with  tumours  of  the  cerebellum, 
cerebellar  peduncles,  and  corpora  quadrigemina,  and  in  such  cases  is 
often  associated  with  the  motor  phenomenon  of  a  reeling  or  staggering 
gait. 

Slowing  of  the  pidse,  permanent  or  transient,  is  a  valuable  corro- 
borative sign  of  intra-cranial  abscess.  It  may  also  occur  as  one  of  the 
general  symptoms  of  tumour,  especially  in  the  neighbourhood  of  the 
medulla  oblongata.     In  other  cases,  again,  we  may  meet  with  tachy- 
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cardia.  Therefore  the  pulse-rate  by  itself  is  not  of  high  diagnostic 
significance,  compared  with  the  other  signs  already  mentioned.  Slow- 
ness of  breathing  and  a  Cheyne-Stokes  type  of  respiration  may  occur, 
but  mostly  in  the  latest  stages  of  the  disease.  Paroxysms  of  yawning 
or  of  hiccuj)  may  also  be  produced  by  intra-cranial  growths,  especially 
those  of  the  posterior  fossa. 

Localising  symptoms  are  sometimes  absent,  and  a  tumour  may  only 
be  revealed  by  post-mortem  examination.  This  experience  is  com- 
moner with  temporal  tumours  than  with  those  occurring  elsewhere. 
In  most  cases,  however,  focal  symptoms  develop,  which  enable  us  to 


Fio.  237. — Tumour  of  right  cerebral  hemisphere  in  a  man  of  47.  The  clinical  signs 
were  headache,  vomiting,  double  optic  neuritis,  progressive  mental  dulness  and 
ultimately  slight  paresis  of  the  left  face,  arm  and  leg,  with  absence  of  the  left 
knee-  and  ankle-jerk  and  an  inconstant  left-sided  extensor  plantar  response. 

determine  the  position  of  the  growth  with  greater  or  less  precision.  In 
a  few  cases  radiography  may  reveal  an  abnormal  shadow  in  the  position 
of  the  tumour.  With  superficial  tumours  local  percussion  of  the  skull 
may  occasionally  yield  an  altered  note.  But  in  some  cases  we  can  only 
form  an  appioximate  idea  as  to  the  site  of  the  disease.  For  example,  if 
a  patient  with  headache,  vomiting,  and  optic  neuritis  develops  a 
gradually  increasing  left  hemiplegia,  all  that  we  are  justified  in  diag- 
nosing is  a  growth  somewhere  in  the  right  cerebral  hemisphere,  prob- 
ably in  the  neighbourhood  of  the  motor  tract  (see  Fig.  237).  Unless 
additional  signs  appear  it  may  be  impossible  to  say  more,  since  such 
hemiplegia  may  be  produced  not  only  by  tumours  directly  implicating 
the  pyramidal  tiact,  but  also  by  frontal,  temporal,  or  even  occipital 
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tumours  compressing  the  motor  path.  Again,  the  occurrence  of  cranial 
nerve  palsies  is  always  suggestive  of  a  lesion  at  the  base  of  the  brain; 
but  this  rule  is  not  invariable.  For  example,  isolated  ocular  palsy 
of  one  external  rectus  has  little  or  no  localising  value,  since  the  sixth 
nerve  may  be  paralysed  (whether  from  traction  or  from  increased  intra- 
cranial pressure)  by  a  growth  anywhere  within  the  skull.  Furtlier,  we 
may  have  "false  localising  signs''^  from  compression  or  distortion 
by  growths  in  distant  parts  of  the  brain.  Thus,  for  example,  a  tumour 
of  the  frontal  lobe  may  at  a  later  stage  produce  signs  of  contra-lateral 
cerebellar  disease,  or  a  cerebellar  growth  may  afterwards  be  associated 


Fig.  238. — Endothelioma  of  meninges  invading  rujht  pre-central  gyrus  in  its  upper 
third.  The  positions  of  the  fissures  of  Rolando  are  indicated  by  a  series  of  black 
beads.  The  patient  had  Jacksonian  convulsions  commencing  with  a  painful 
spasm  of  the  left  foot.  There  was  paresis  of  the  left  leg  and,  to  a  less  extent,  of 
the  left  arm.     The  face  was  unaffected.     There  was  no  sensory  impairment. 


with  Jacksonian  fits  of  one  limb,  suggestive  of  a  lesion  of  the  motor 
area,  but  really  due  to  distension  of  the  lateral  ventricle  of  the  corro- 
sponding  side, and  soon.  Or,again,localisingsymptomsmriybe  masked 
or  concealed,  as  in  some  cases  of  occipital  tumour  in  which,  if  the  optic 
neuritis  goes  on  to  atrophy  and  blindness,  the  hemianopia,  which  might 
have  led  to  a  correct  diagnosis,  becomes  lost.  Localising  signs,  to  be  of 
value,  should  generally  appear  early.  Absence  of  focal  signs  suggests 
that  the  tumour  is  ab  >ve  the  tentorium,  seeing  that  sub-tentorial 
growths  almost  always  produce  localising  signs  early  in  their  course. 

1  Collier,  Brain,  1904,  p.  490. 
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Bearing  tbe  above  points  in  mind,  let  us  now  consider  the  chief 
localising  symptoms  of  tumours  in  the  various  regions  of  the  brain. 

Tumoiirs  of  the  Motor  Cortex. — The  motor  area,  as  we  have  already 
seen,  comprises  the  pre-central  convolution  and  the  adjacent  end  of  the 
second  frontal  gyrus,  together  with  part  of  the  cortex  on  the  mesial 
surface  of  the  hemisphere.  Tumours  of  the  motor  region  are  the 
easiest  of  all  to  recognise  clinically.  In  them,  in  addition  to  the 
general  signs  of  intra-cranial  tumour,  we  usually  observe  two  classes  of 
phenomena,  irritative  and  paralytic. 

The  irritative  group  consists  of  Jacksonian  fits,  commencing  in  the 
contra-lateral  face,  tongue,  arpa,  or  leg,  as  the  case  may  be,  according 
to  the  part  ot  the  motor  cortex  which  happens  to  be  chiefly  implicated. 
In  a  Jacksonian  fit  the  convulsion,  which  usually  consists  of  tonic 
spasm  followed  by  clonic  jerks,  may  be  strictly  localised  to  a  small 
group  of  muscles,  or  it  may  spread  from  them  to  other  muscle-groups, 
but  always  in  a  regular  order  (as  shown  in  Fig.  3,  p.  4).  Less  com- 
monly the  whole  of  the  muscles  of  the  contra-lateral  face,  arm,  and  leg 
are  thrown  into  convulsion  simultaneously.  Jacksonian  convulsions 
differ  from  ordinary  epilepsy  in  that  the  patient  usually  retains 
consciousness  all  the  time,  and  can  study  his  own  fit.  But  if  the  con- 
vulsion spreads  across  the  middle  line  and  becomes  bilateral,  con- 
sciousness becomes  lost  at  or  before  the  n moment  of  crossing. 

The  paralytic  'phenomena,  in  tumours  of  the  motor  region,  consist 
in  weakness  of  the  convulsed  muscles  during  the  inter-paroxysmal 
periods  (see  Figs.  38  and  38a,  p.  71).  Such  weakness  is  most  marked 
immediately  after  a  convulsion.  There  is  also  temporary  atopognosis 
in  the  affected  limb  and  loss  of  the  sense  of  position. 

According  as  the  growth  is  primarily  cortical  or  sub-cortical, 
convulsions  precede  muscular  weakness  or  vice  versa.  A  cortical 
tumour,  for  example  one  giowing  from  the  meninges,  is  irritative  from 
the  first;  a  sub-cortical  growth  is  usually  indicated  by  an  initial  mono- 
plegia, followed  later  by  Jacksonian  convulsions.  Moreover,  in  a 
sub-cortical  growth  the  precise  st  '.rtiog-point  of  the  convulsions  is  less 
constantly  localised  to  the  same  muscle-group;  thus,  for  example,  a 
sub-cortical  tumour  immediatel}'  under  the  arm-area  may  produce 
Jacksonian  fits,  commencing  sometimes  in  the  thumb,  at  other  times 
in  the  elbow.  The  extent  of  a  Jacksonian  fit  also  varies  with  the  extent 
of  the  tumour.  A  small  superficial  tumour  will  produce  a  highly 
localised  fit  followed  by  monoplegia  of  the  affected  part,  whereas  a 
tumour  of  the  same  size,  situated  deeper  beneath  the  cortex,  will 
produce  an  initial  monoplegia,  convulsions  being  weeks  or  months  later 
in  onset.  The  deeper  the  growth,  the  less  tendency  is  there  to  localised 
convulsions.    Tumours  of  the  pre-central  or  motor  area,  if  extending 
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backwards  across  the  Rolandic  fissure  to  the  post-central  convolution, 
are  usually  associated  with  a  distinct  sensory  aura  in  the  affected  limb 
at  the  begiiuiing  of  the  motor  convulsion,  together  with  a  degree  of 
anaesthesia,  monoplegic  or  hemiplegic  in  distribution.  The  differences 
between  cortical  and  sub-cortical  types  of  anaesthesia  have  already  been 
discussed  (pp.  195-190). 

Tumours  of  the  Frontal  Region. — For  clinical  purposes  this  region 
of  the  brain-cortex,  anterior  to  the  motor  area  proper,  may  be  sub- 
divided into  two  parts:  (1)  A  pre-frontal  oi  higher  psychical  area, 
devoid  of  motor  centres.  This  area,  when  electrically  stimulated, 
produces  no  convulsion.  (2)  A  post-frontal  area,  continuous  posterioily 
with  the  pre-central  convolution  and  including  the  cortical  centre  for 
conjugate  deviation  of  the  head  and  eyes  towards  the  opposite  side. 
On  the  left  side  it  contains,  in  addition,  the  cortical  motor  centres 
for  spoken  words. 

Pre-frontal  Tumours,  besides  producing  the  general  signs  of  cere- 
bral tumour,  tend  to  excite  mental  symptoms  specially  early,  consisting 
in  dulness,  failure  of  memory,  tendency  to  childish  jocularity,  deficiency 
of  attention,  and  neglect  of  the  sphincters.  These  mental  symptoms 
are  equally  likely  to  occur  with  tumours  of  the  right  side  and  of  the 
left.-*-  Some  pre-frontal  tumours,  however,  produce  no  mental  symp- 
toms at  all.  Post-frontal  tumours  cause,  in  addition,  local  Jacksonian 
fits,  especially  attacks  beginning  with,  or  consisting  entirely  in,  devia- 
tion of  the  head  and  eyes  to  the  contra-lateral  side.  Bianchi^  has 
described  paroxysmal  dilatation  and  contraction  of  the  contra-lateral 
pupil — pupillary  Jacksonian  fits — in  some  cases  of  pre-frontal  tumour. 
With  left-sided  tumours  we  may  have  fits  commencing  with  sudden 
attacks  of  motor  aphasia  (though  the  absence  of  aphasia  does  not 
necessarily  exclude  a  diagnosis  of  left-sided  post-frontal  growth). 
General  epileptiform  convulsions,  and  even  attacks  of  petit  mal,  are  not 
uncommon  with  frontal  tumours,  including  pre-frontal  ones.  Tumours 
beginning  on  the  imder  or  orbital  surface  of  the  frontal  lobe  may  also 
be  associated  with  early  and  persistent  anosmia  on  the  ipso-lateral  side, 
from  implication  of  the  olfactory  bulb  and  tract.  Difficulty  in  moving 
the  head  and  eyes  to  the  contra- lateral  side  would  point  to  a  sub-cortical 
mid-frontal  growth.  Frontal  tumours,  whether  pre-  or  post-frontal, 
are  sometimes  associated  with  a  fine  vibratory  tremor  of  the  ipso-lateral 
arm,  and  less  markedly  of  the  leg,  on  holding  the  limbs  outstretched^ 
(though  this  is  far  from  constant),  and  with  loss,  or  speedy  exhaustion, 
of  the  contra-lateral  superficial  reflexes,  especially  the  abdominal  and 

1  Be3vor,  Lettsomian  Lectures,  1907. 

2  Trans.  XIII.  International  Congress:  Section  of  Neuro-pathology,  p.  239. 

3  Grainger  Stewart,  Lancet,  November  3,  1906. 
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epigastric.  If  the  growth  be  sufficiently  ext^fiisive  to  press  backwards 
on  the  pyramidal  tract,  there  may  be  an  increase  in  the  contra-lateral 
deep  reflexes,  with  an  extensor  plantar  reflex  in  the  contra-lateral  foot, 
and  even  a  degree  of  motor  hemi-paresis.  Optic  neuritis,  generally 
late  in  onset,  tends  to  be  more  intense  on  the  side  of  the  tumour,  whilst 
local  tenderness  and  alteration  of  percussion  note  are  relatively  common. 
This  ipso-lateral  papillcedema  of  frontal  lobe  tumours  sometimes  pro- 
gresses to  unilateral  optic  atrophy,  this  latter  occasionally  passing 


Fig.  239.— Left  pre-frontal  tumour. 

through  a  stage  of  retro-bulbar  neuritis  with  its  characteristic  central 
scotoma.^  In  some  cases,  frontal  tumours  are  associated  with  a  reeling 
gait,  like  that  of  cerebellar  disease  (as  in  the  case  shown  in  Fig.  239). 
Whether  this  is  due  to  backward  displacement  of  the  brain  producing 
compression  of  the  cerebellum,  or  to  the  transmission  of  abnormal 
impulses  along  the  crossed  fronto -cerebellar  path,  is  at  present  difficult 
of  decision. 

Tumours  of  the  Temporal  Lobe  are  the  most  difficult  of  all  to 
localise,  especially  right-sided  tumours.  This  is  because  their  symp- 
toms are  produced  chiefly  by  implication  of  adjacent  parts,  and  only  to 
a  lesser  extent  by  true  focal  lesions.  There  are,  however,  two  focal 
symptoms  which  are  of  diagnostic  value. 

1  Foster  Kennedy,  Amerkan  Journal  of  MedicxU  Sciences,  September,  1911. 
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Firstly,  tumours  of  the  tip  of  the  lobe,  in  the  region  of  the  uncinate 
gyrus,  are  often  associated  with  sudden  attacks  commencing  with  an 
olfactory  or  gustatory  sensation,  the  smell  being  usually  an  unpleasant 
one.  This  aura  is  followed  by  a  curious ' '  dreamy  state,' '  lasting  several 
seconds,  during  which  everything  seems  to  the  patient  to  be  unreal  or 
"  far  away."  These  uncinate  fits  are  occasionally  accompanied  by 
smacking  movements  of  the  lips.  They  may  pass  on  directly  to  a 
general  epileptiform  fit. 

Secondly,  tumours  of  Heschl's  convolution  (on  the  Sylvian  surface 
of  the  lobe)  and  of  the  adjacent  first  temporal  gyrus,  if  on  the  left  side, 
may  produce  slight  word-deafness  with  par-aphasia,  etc.  (see  p.  100). 

But  many  temporal  tumours  are  totally  devoid  of  focal  symptoms, 
and  only  produce  symptoms  of  pressure  on  neighbouring  parts.  Thus 
pressure  on  the  corona  radiata  may  cause  a  slight  hemiplegia,  or,  more 
usually,  a  facio-brachial  monoplegia,  with  disordered  reflexes  of  the 
corresponding  side.  Or  tumours  of  the  antero-internal  aspect  of  the  lobe 
may  implicate  the  optic  tract,  or  may  extend  to  the  crus  cerebri,  or  to 
the  corpora  quadrigemiiia,  producing  corresponding  symptoms. 

Tumours  of  the  Post-central  Convolution. — ^Here  the  focal  symptoms 
of  a  cortical  growth  consist  of  attacks  commencing  with  a  sensory  aura 
either  of  tingling  or  of  pain  in  the  opposite  face,  arm,  or  leg,  according 
to  the  position  of  the  irritative  lesion.  If  the  growth  extends  across 
the  fissure  of  Rolando  to  the  pre-central  or  motor  convolution  (or  even 
in  many  cases  where  the  pre-ceritral  convolution  is  not  actually  invaded, 
but  only  compressed),  there  is,  in  addition,  a  motor  spasm  of  the  corre- 
sponding part.  Both  in  cortical  and  in  sub-cortical  tumours  of  the 
post-central  convolution  there  is  usually  anaesthesia,  monoplegic  or 
hemiplegic,  and  of  cortical  or  capsular  type  as  the  case  may  be  (see 
pp.  195-196).  Astereognosis  in  the  contra-lateral  hand  has  also  been 
observed. 

Figs.  240  and  240a  show  a  glioma  of  the  left  post-central  gyrus,  spread- 
ing inwards  to  the  centrum  ovale.  In  this  case  the  initial  symptoms 
were  clumsiness,  loss  of  joint  sense,  and  astereognosis  of  the  right  hand. 
Later,  Jacksonian  convidsions  occurred  in  the  right  face  and  hand,  and 
subsequently  there  was  progressive  right  hemiplegia  and  hemi-anaesthesia 
with  aphasia. 

Tumours   of  the   Supra-marginal   and  Angular   Convolutions. — 

General  symptoms  are  usually  late  in  onset.  The  chief  focal  symptoms 
are  due  to  affection  of  the  visual  paths.  In  left-sided  cases,  implicating 
the  angular  gyrus,  word-blindness  may  occur;  in  irritative  lesions  this 
is  transitory,  in  destructive  or  sub-cortical  lesions  it  is  permanent.  A 
superficial  tumour  limited  to  the  angular  gyrus  may  produce  "  crossed 
amblyopia  "  (see  p.  39).     Thus  a  lesion  of  the  right  angular  gyrus 
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produces  concentric  contraction  of  the  visual  field  of  the  left  eye 
(see  Fig.  58,  p.  121).  Such  cases  are  uncommon,  but  have  been  occa- 
sionally recorded.^  More  usually  the  growth  dips  in  so  as  to  affect  tho 
underlying  optic  radiations,  and  then  hemiano])ia  results  in  the  cojitra- 
lateral  half  of  both  visual  fields.  Hemi-ansesthesia  and  hemi-analgesia 
may  be  present  in  addition  when  the  posterior  end  of  the  internal 
capsule  is  affected ;  motor  hemiplegia  is  uncommon. 

Tumours  of  the  Postero-parietal  Lob  jIc  arc  sometimes  associated 
with  astereognosis  in  the  contra-lateral  hand.^  In  such  cases  the 
patient  cannot  recognise  the  form  and  qualities  of  common  objects 


Fio.  240.  Fio.  240a. 

Figs.  240  Airo  240a.— Diffuse  glioma  of  left  post-central  cortex  and  corona  radiain. 

placed  in  his  hand  if  his  eyes  are  closed,  whereas  with  the  healthy 
ipso-lateral  hand  he  recognises  them  at  once.  But  stereognosis  is  a 
complex  intellectual  function,  a  judgment  based  on  many  sensory 
factors,  and  astereognosis  has  also  been  observed  in  many  other  con- 
ditions, as  in  disease  of  the  post-central  gyrus,  of  the  optic  thalamus, 
of  the  posterior  spinal  nerves  and  of  the  perii)heral  sensory  nerves. 

Tumours  of  the  Occipital  Region. — This  area  of  the  brain  is  asso- 
ciated with  the  half-vision  centre.  The  cortical  half- vision  centre  is 
situated  mainly  on  the  mesial  aspect  of  the  occipital  lobe,  partly  above 
and  partly  below  the  calcarine  fissure.  The  lower  quadrant  of  the  half- 
field  is  represented  above  the  fissure,  i.e.  in  the  cuneate  lobule,  the 
upper  quadrant  is  below  the  fissure,  i.e.  in  the  lingual  gyrus.  Tumours 
of  this  region,  therefore,  produce  as  their  most  constant  symptom  half- 

1  Btevor,  Lancet,  1907,  p.  719. 

2  CJ.  a  case  by  Edwards  and  Cotterill,  Jiev.  of  Neurol,  and  Psychiatry,  1911,  p.  157. 
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blindness  or  heiuianopia,  wliich  may  be  complete  or  incomplete 
(quadrantic),  according  as  the  whole  of  the  cortical  centre  is  affected  or 
only  part  above  or  below  the  calcarine  fissure.  Wernicke's  hcniiopic 
pupillary  phenomenon  (see  p.  127)  is  absent  in  hemianopia  from  oc- 
cipital lesions.  Tumours  on  the  surface  produce  irritative  phenomena, 
whilst  those  extending  deeper,  into  the  optic  radiations,  produce 
paralytic  symptoms.  The  irritative  phenomena  consist  of  crude 
subjective  visual  hallucinations,  such  as  luminous  sparks  or  flashes 
of  light,  in  the  contra-lateral  halves  of  the  visual  fields  of  both  eyes,  or 
in  that  part  of  the  half-field  corresponding  to  the  area  of  cortex  affected. 
Such  luminous  sensations  are  usually  followed  by  hemianopia  in  the 
same  area  of  the  visual  field,  a  hemianopia  at  first  transient,  but  which 
may  become  permanent.  Tumours  of  the  cuneate  and  lingual  gyri  may 
also  press  downwards  on  the  cerebellum,  in  which  case  cerebellar 
phenomena  are  superadded. 

Let  us  now  pass  to  the  consideration  of  tumours  deep  within  the 
substance  of  the  brain.  These  are  more  difficult  to  localise  than  cortical 
growths. 

To  distinguish  between  growths  in  the  Corona  Radiata  and  those 
in  the  Internal  Capsule  is  often  difficult,  esj^ecially  when  the  tumour 
is  a  large  one.  All  that  it  may  be  possible  to  state  is  that  the  tumour  is 
somewhere  in  one  cerebral  hemisphere.  But  with  less  extensive  growths, 
producing  less  complete  hemiplegia,  the  degree  of  paralysis  of  different 
limbs  is  of  diagnostic  value.  Thus  the  closer  a  lesion  is  situated  to  the 
cortex,  the  greater  is  the  tendency  towards  a  monoplegia.  Also  if 
there  be  a  hemiplegia  which  is  complete  in  the  lower  limb  but  incom- 
plete in  the  upper,  and  if  we  find  that  the  hand  is  more  affected  than  the 
shoulder,  this  would  point  to  a  capsular  lesion  rather  than  a  sub- 
cortical one,  since  in  the  cortex  the  shoulder  centre  is  the  one  nearest 
to  that  for  the  lower  limb  (see  Figs.  3  and  7). 

Tumours  of  the  Central  Ganglia : — Thalamus  and  Corpus  Striatum. — 
In  this  regioji  growths  may  develop  without  producing  enough  focal 
symptoms  to  render  localisation  possible.  From  the  close  proximity 
of  the  optic  thalamus  and  corpus  striatum  to  the  motor,  sensory,  and 
visual  i)aths  in  the  internal  capsule,  a  slowly  progressive  hemi-paresis 
or  hemiplegia  may  occur,  accompanied  by  hemianopia  and  a  degree  of 
hemi- anaesthesia.  But  if  these  phenomena  be  present,  say  on  the  right 
side,  and  nothing  more,  beyond  the  general  signs  of  intra-cranial 
tumour,  all  that  we  can  diagnose  is  a  growth  somewhere  within  the  left 
cerebral  hemisphere,  and  probably  in  its  posterior  two-thirds.  Some- 
times, however,  we  can  be  more  precise.  For  example,  Nothnagel  long 
ago  showed  that  the  optic  thalamus  is  a  lower  reflex  centre  for  the 
emotional  movements  of  laughijig  and  crying,  and  cases  of  thalamic 
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lesion,  have  beeji  demonstrated  in  which  voluntary  movements  of  the 
face  were  preserved,  whilst  emotional  movements  were  impaired  or  lost 
on  the  contra-lateral  side  of  the  face.  Further,  a  small  lesion,  in  the 
lower  and  posterior  part  of  the  thalamus  may  cause  (probably  from 
affection  of  the  adjacent  rubro-spinal  path)  spontaneous  slow  rhythmic 
movements  of  the  contra-lateral  limbs,  athetoid  or  choreiform,  in- 
creased on  voluntary  exertion.  The  plantar  reflex  in  these  cases 
remains  flexor  in  type,  provided  the  internal  capsule  be  not  involved. 
Again,  the  optic  thalamus  is,  as  we  have  already  seen,  an  important 
station  in  the  general  sensory  path,  and  therefore  sensory  symptoms 
are  sometimes  prominent,  especially  subjective  sensations  of  pain, 
heat,  and  cold,  in  the  contra-lateral  side  of  the  body,  together  with 
a  degree  of  hemi-anee.Hthesia.  Many  cases  of  thalamic  tumour,  how- 
ever, run  their  course  without  any  sensory  impairment  whatever. 

Tumours  o!  the  Corpus  Callosum  have  no  focal  symptoms  which 
can  be  regarded  as  pathognomonic.  Tumours  in  the  anterior  part  of 
this  great  commissure  generally  produce  early  mental  symptoms 
resembling  those  of  paralytic  dementia.  To  these  may  be  superadded 
unilateral  or  bilateral  hemi-paresis  or  convulsions  (cranial-nerve  palsies, 
as  a  rule,  being  absent).  But  these  motor  symptoms  are  probably 
the  result  of  extension  into  neighbouring  parts,  so  that  to  diagnose  a 
callosal  growth  is  always  hazardous.  Moreover,  it  is  rare  for  a  tumour 
to  be  limited  to  the  corpus  callosum  without  extension  into  one  or  both 
hemispheres.  Attention  has  been  drawn^  to  the  occurrence,  without 
hemiplegia,  of  left-sided  motor  apraxia  (inability  to  perform  certain 
movements  when  there  is  no  actual  i)araly8is  of  the  limb)  in  callosal 
lesions  (see  p.  106). 

Marchiafava  ^  has  described  a  peculiar  degeneration  of  certaiji 
commissural  tracts  of  the  corpus  callosum  in  chronic  alcoholism. 

Tumours  of  the  Corpora  Quadrigemina. — The  corpora  quadrige- 
mina  contain  important  reflex  centres.  The  superior  colliculi  are  chiefly 
visual  in  function,  and  the  inferior  colliculi  chiefly  auditory  (sec 
p]).  37  and  39).  Tumours  in  this  region  are  localised  with  comparative 
case  by  the  presence  of  characteristic  ocular  phenomena.  These  consist 
in  a  paralytic  affection  of  the  third  nerve  nuclei,  more  or  less  sym- 
metrically on  the  two  sides.  The  commonest  sign  is  a  combination  of 
bilateral  ptosis  with  weakness  of  upward  and  downward  movements 
of  the  eyes  and  feebleness  of  convergence.  The  pupillary  reflex  may 
be  sluggish  or  absent.  Less  constantly,  in  unilateral  quadrigeminal 
disease,  a  degree  of  deafness  has  been  noted  in  the  ear  of  the  opposite 
side,  the  sub-cortical  auditory  centre  being  located  in  the  posterior 

1  Wilson,  Brain,  1908,  p.  164;  also  Lippmann,  Archiv  jiir  Psfirhiatrie,  1908,  xliii 
'  Rendu  delta  R.  Accad.  dei  Lincei,  1910,  xW.,  series  5,  fasc.  3. 
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corpus  qiiadrigeinimiin.  I  f  the  superior  cerebellar  pediuicle,  wliich  is  in 
close  proximity,  be  also  implicated,  we  have  a  corresponding  cerebellar 
asynergia  or  ataxia  and  reeling  gait,  whilst  if  the  adjacent  external 
geniculate  body  or  optic  radiations  be  involved,  there  is  hemianopia. 
The  Pineal  Body  lies  in  close  apposition  to  the  superior  corpora 
quadrigemina.  Certain  tumours,  especially  teratomata,  of  the  pineal 
gland,  occurring  in  children,  are  associated  with  what  has  been  called 
mi-cro-c/enUosomia,  consisting  in  excessive  growth  of  the  body,  preco- 
cious sexual  development,  and  abnormal  growth  of  the  penis  and  pubic 
hairs,  also  with  mental  and  vocal  precocity.  (These  signs  are  in  addi- 
tion to  the  ocular  phenomena  above  described.)  In  this  respect  they 
contrast,  as  we  shall  presently  see,  with  certain  tumours  of  the  pituitary 
body  in  which  the  genital  f mictions  may  be  diminished. 

Tumours  of  the  Tegmental  Region  of  the  Crus  or  Pons  produce 
characteristic  focal  symptoms  from  implication  of  the  rnbro -spinal 
tract  (Monakow's  bundle),  which  starts  from  the  red  nucleus,runs  down 
in  the  pons,  crosses  the  middle  line  and  traverses  the  antero-lateral 
column  on  the  opposite  side  of  the  spinal  cord.  Lesions  in  the  crural 
or  pontine  part  of  this  tract  produce  a  slow  rhythmic  tremor  of  the 
contra-lateral  hand  and  foot,  somewhat  like  that  of  paralysis  agitans, 
increased  by  voluntary  exertion  or  excitement  and  ceasing  during 
sleep.  If  the  lesion  be  in  the  red  nuclens  itself,  which  is  transfixed  by 
the  fibres  of  the  third  nerve,  we  have,  in  addition,  third-nerve  palsy 
of  the  ipso-lateral  side  with  tremor  of  the  contra-lateral  arm  and  leg — ■ 
a  condition  known  as ' '  Benedikt's  syndrome."  If  the  growth  implicates 
the  sensory  tract  of  the  fillet,  there  may  be  hemi-anaesthesia  of  the 
contra-lateral  side  of  the  body,  but  this  is  less  common  with  timiours 
than  with  sudden  vascular  lesions  such  as  haemorrhage,  etc. 

A  Tumour  of  the  Crusta  or  Ventral  Region  of  the  Crus  Cerebri 

is  easy  of  recognition,  from  the  characteristic  alternate  paralysis  which 
is  produced.  This  consists  in  third-nerve  palsy,  generally  incomplete 
on  the  ipso-lateral  side,  with  hemiplegia  of  the  contra-lateral  face,  arm, 
and  leg — "  Weber's  svndrome  "  (see  Fig.  94,  p.  211).  As  the  tumour 
increases  in  size,  it  tends  to  cross  the  middle  line  and  implicate  the 
opposite  third  nerve  as  well. 

Pituitary  Tumours  produce  diagnostic  symptoms  in  two  entirely 
different  ways.  Firstly,  we  may  have  signs  of  disordered  activity  of 
the  pituitary  gland  itself: — dys-pituitarism. 

Excessive  activity  of  the  gland  {super- pituilar ism),  especially  of  its 
anterior  lobe,  influences  the  growth  of  the  bones  throughout  the  body, 
producing  acromegaly  or  gigantism  (according  to  whether  the  epiphyseal 
cartilages  have  become  ossified  or  not).     But  skeletal  changes  are  not 
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constant.  Tliey  occur  chiefly  in  cases  of  adenomatous  growth, 
accompanied  by  hyper-activity  of  the  anterior  lobe  of  the  gland,  and 
not  in  purely  destructive  lesions  as  in  the  sarcomata.  Glycosuria  is 
not  uncommon  in  super-pituitarism. 


FitJ.  241. — Adiposo-^cuital  dydtiopliy  in  a  loy  of  fouitceu.  He  had  excessive  sugar- 
tolerance  and  wa8  able  to  take  300  grammes  of  glucose  without  inducing  glyco- 
suria. 

Diminished  activity  (snh-in'f(iil((n\s>n)  of  tlie  ])Osterior  lobe  produces 
the  so-called  adipose-genital  dystrophy  (Frohlicli's  syndrome),  evidenced 
by  an  excessive  deposit  of  fat  throughout  the  body  (see  Fig.  241),  to- 
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getlicr  with  absence  of  sexual  development  if  tlie  process  dates  from 
childhood,  or  regression  from  sexual  maturity  if  the  disease  appears  in 
adult  life.  Thus  in  female  patients  we  observe  amenorrhoea  and  some- 
times loss  of  axillary  and  pubic  hair;  whilst  an  adult  male  patient 
develops  a  remarkable  tendency  to  approximate  to  a  female  type ;  the 
mammary  glands  enlarge,  the  testicles  diminish  in  size,  the  abdomen 
becomes  rounded  like  a  woman's,  and  the  pubic  hair  becomes  restricted 
in  area,  accompanied  by  loss  of  virility — "pituitary  eunuchism"^ 
There  is  also  an  abnormal  sugar-tolerance,  so  that  the  patient  can 
take  an  excessive  amount  of  glucose  without  showing  glycosuria. 

Ateleiosis  or  pituitary  infantilism^  a  peculiar  variety  of  arrested 
growth  without  adijjosity,  is  due  to  sub-pituitarism  of  the  anterior  lobe. 
The  ateleiotic  dwarf  has  a  childish  facies,  a  delicate,  soft  skin,  and  thin 
piping  voice.  His  long  bones  are  small  and  fine,  and  their  epiphyses 
are  not  united.  The  teeth  are  incompletely  erupted.  The  pulse  is  slow 
and  the  arterial  pressure  low.  Ateleiosis,  as  Hastings  Gilford  has 
shown,  may  begin  during  foetal  life,  during  infancy  or  early  child- 
hood, or  at  any  time  before  puberty.  The  ateleiotic  patient  retains 
throughout  life  the  physical  characters  of  his  age  at  the  time  when  his 
symptoms  first  developed.  If  the  disease  begins  in  infancy,  the  fon- 
tanelle  may  remain  open  for  years.  If  it  commences  during  foetal  life, 
the  testicles  remain  undescended  and  the  sexual  organs  rudimentary. 

8ub-pituitarism  may  occur  as  a  primary  disease,  or  it  may  supervene 
after  a  previous  stage  of  super-pituitarism  and  giant  growth.  We 
rarely  meet  with  pure  super-pituitarism  or  pure  sub-pituitarism;  both 
types  of  dys-pitu^tarism  are  usually  intermingled  in  varying  propor- 
tions. 

Secondly,  and  more  constantly,  in  pituitary  tumours  there  are 
focal  symptoms  produced  by  pressure  on  adjacent  parts,  notably  on 
the  optic  chiasma.  Bi-temporal  hemianopia,  with  a  hemiopic  pupil- 
reaction,  results.  This  may  afterwards  progress  to  total  blindness 
of  one  eye  with  temporal  hemianopia  of  the  other  (see  p.  122).  In 
pituitary  tumours  primary  optic  atrophy  is  commoner  than  optic 
neuritis.  A  growth  in  the  pituitary  gland  or  in  its  infundibulum  may 
also  press  backwards  on  the  third  nerves,  causing  ocular  palsies,  or  it 
may  extend  upwards  towards  the  floor  of  the  third  ventricle,  in  which 
case  we  sometimes  note  persistent  somnolence  (see  Figs.  236  and  236a), 
to  which  may  be  added  polyuria ;  or  it  may  press  upwards  against 
the  uncinate  lobe,  causing  uncinate  fits,  or  upon  the  frontal  lobe, 
producing  mental  dulness,  etc.  The  diagnosis  of  pituitary  tumour 
can  often  be  confirmed  by  radiography,  showing  deepening  of  the  sella 
turcica. 

*  Nouue,  Ncurologidches  CeiUralUail,  19U7,  s.  733. 
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Tumours    of    the    Cerebellum    and    Cerebellar    Peduncles.— The 

anatomical  connections  of  the  cerebellum  are  all-important,  and 
should  be  carefully  borne  in  mind  (see  jip.  18  to  23),  Of  all  intra- 
cranial tumours,  those  of  the  cerebellum  are  the  most  frequent.  Intra- 
cerebellar  growths  are  usually  tuberculous  or  gliomatous,  whereas 
extra- cerebellar  growths,  commonly  situated  in  the  ponto-cerebellar 
angle  of  the  posterior  fossa,  if  arising  from  the  ventral  surface  of  the 
cerebellum,  are  generally  gliomata,  and  if  arising  from  the  sheaths  of 
cranial  nerves  (especially  the  auditory  nerve)  they  are  most  commonly 
fibro-myxomata. 

Ataxia,  vertigo,  a  reeling  gait  uninfluenced  by  closure  of  the  eyes, 
nystagmus,  and  early  optic  neuritis  are  the  out  stand  ijig  symptoms 
common  to  growths  in  the  region  of  the  cerebellum,  but  a  closer  study 
usually  enables  us  to  localise  the  lesion  more  exactly. 

In  cerebellar  disease  we  have  to  distinguish  not  only  between 
affections  of  the  vermis  and  of  the  lateral  lobes,  but  also  between 
affections  of  the  cerebellar  cortex  and  of  the  intra-cerebellar  nuclei. 
Many  tumours  and  abscesses  implicate  cortex  and  nuclei  together, 
and  in  such  cases  we  have  a  combination  of  cortical  and  sub-cortical 
phenomena. 

Tumours  of  the  middle  lobe  or  vermis  are  associated  with  the 
typical  cerebellar  gait.  There  is  also  a  tendency  to  fall  forj\'ards  or 
backwards,  according  as  the  lesion  is  situated  in  the  anterior  or  posterior 
part  of  the  vermis.  There  is  often  a  tendency  for  the  head  to  fall 
backwards  or  forwards,  and  not  uncommonly  the  movements  of  the 
head  and  of  the  facial  muscles  are  curiously  slow  and  clumsy.  Asyn- 
ergia  and  hypermetria  are  present  in  all  the  limbs,  but  without 
unilateral  preponderance  on  either  side,  until  the  growth  extends  into 
one  or  other  lateral  lobe. 

Tumours  of  the  cerebellar  cortex  of  the  lateral  lobe  produce  uni- 
lateral symptoms  in  the  ipso-lateral  limbs,  consisting  in  dysdiadoco- 
kinesia  (sec  Cerebellar  Ataxia,  p.  258),  hemi-asynergia,  and  hemi- 
hypermetria.  On  making  the  patient  stand  in  turn  on  each  foot 
separately,  we  find  that  he  tends  to  stand  less  securely  on  the  leg  of 
the  ipso-lateral  side.  In  walking,  he  lurches  and  reels,  sometimes 
towards  the  side  of  the  lesion,  sometimes  away  from  it.  In  addition 
we  find  spontaneous  deviation  in  the  ipso-lat«ral  limbs  with  Barany's 
pointing-tests  (see  p.  22),  together  with  loss  of  the  normal  deviation  of 
the  ipso-lateral  limb  on  inducing  a  temporary  vestibular  nystagmus. 

Disease  implicating  the  sub- cortical  or  intra-cerebellar  nuclei 
produces  marked  unsteadiness  of  the  limbs  with  a  tendency  to  fall 
towards  the  affected  side.     In  cases  implicating  the   fibres  of   the 
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middle  cerebellar  peduncle  this  may  be  so  marked  that,  even  when 
lying  down,  the  patient  may  tend  to  roll  out  of  bed  towards  the 
affected  side — so-called  forced  rotatory  movements,  around  the  long 
axis  of  the  body,  analogous  to  those  produced  by  experimental  stimu- 
lation (see  p.  23). 

Thus  in  one  case  of  my  own,  where  there  was  a  large  sarcoma  within 
the  right  lateral  lobe,  the  patient  rolled  persistently  towards  his  right  side, 
and  occasionally  fell  over  the  right  edge  of  his  bed. 

Unfortunately  the  direction  of  rotation  is  not  sufficiently  constant 
to  be  of  diagnostic  value  in  determining  the  side  of  the  lesion,  but  when 
the  phenomenon  occurs,  it  is  a  valuable  corroborative  sign  of  disease 
of  the  middle  peduncle. 

"  Cerebellar  catalepsy,"  and  the  rare  cases  of  "  cerebellar  fits," 
tonic  in  type,  often  with  opisthotonos,  are  also  indicative  of  disease  of 
the  sub-cortical  nuclei. 

Nystagmus,  which  was  formerly  included  amongst  the  cardinal 
signs  of  cerebellar  disease,  also  the  occasional  skew-deviation  of  the  eyes, 
are  probably  due,  not  to  pure  cerebellar  affection,  but  to  disease  of  the 
adjacent  Deiters'  nucleus  or  its  connections.  The  nystagmus  is  hori- 
zontal in  type,  its  rapid  phase  occurring  on  fixing  an  object  situated 
towards  the  ipso-lateral  side.  Together  with  this,  there  is  often  weak- 
ness of  conjugate  movement  of  the  eyes  towards  the  side  of  the  lesion. 

The  subjective  vertigo,  so  frequently  present  in  cases  of  cerebellar 
tumour,  in  which  surrounding  objects  appear  as  if  rotating  towards 
the  contra-lateral  side,  is  probably  due  to  affection  of  the  adjacent 
vestibular  nuclei  or  their  connections.  80  also  the  occasional  curious 
attitude  of  the  head  (see  Fig.  148,  p.  282)  is  due  to  vestibular  and  not  to 
primary  cerebellar  disease. 

The  condition  of  the  deep  reflexes  is  inconstant.  Pure  cerebellar 
disease,  which  leaves  the  long  sensory  and  motor  tracts  in  the  brain- 
stem unaffected,  produces  neither  sensory  loss,  motor  paralysis,  nor 
alteration  of  reflexes.  Sometimes,  however,  by  pressure,  or  by  infiltra- 
tion, one  or  both  pyramidal  tracts  may  become  implicated,  in  which 
case  may  be  superadded  the  characteristic  increase  of  deep  reflexes  on 
one  or  both  sides,  with  extensor  plantar  responses. 

Extra-cerebellar  tumours  most  frequently  arise  in  the  ponto- 
cerebellar angle,  and,  as  a  rule,  are  not  difficult  of  recognition.  Most  of 
them  arise  from  the  auditory  nerve,  generally  near  its  distal  extremity, 
in  the  region  of  the  internal  auditory  meatus,  which  is  commonly 
widened.  Sometimes  the  tumours  are  bilateral,  as  in  Fig.  242.  The 
earliest  focal  symptoms  are  those  of  auditory  affection,  consisting 
in  progressive  nerve-deafness,  often  preceded  or  accompanied  by 
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tiiuiitus  iji  the  correspojiding  ear.  There  is  also  vestibular  affection, 
with  vertigo^  and  impairment  of  thermic  nystagmus  and  of  otlier 
vestibular  reactions  (see  j).  130).  To  these  signs  is  frequently  super- 
added paresis  of  the  adjacent  facial  nerve — a  sign  of  great  value  when 
])resent.  In  some  cases  there  is  an  early  stage  of  facial  hemi-spasm. 
Occipito-frontal  headache  ai)pears.  Later,  a  vestibular  attitude  of  the 
head  may  develop  and,  with  or  without  this,  signs  of  ipso-lateral 


Fuj.  242. — Bilateral  auditory-nerve  tumours  (A  and  B)  in  poulo-cereheUar  angles. 
An  unsuccessful  attempt  was  made  to  remove  the  larger  tumour  (B)  by  operation, 
hence  the  laceration  or  the  corresponding  lateral  lobe  of  the  cerebellum. 

cerebellar  disease,  cortical  and  nuclear,  appear.  Further,  by  extensioji 
of  the  tumour  forwards  towards  the  pons,  or  downwards  towards  the 
medulla,  other  cranial  nerves  may  become  affected  on  the  side  of 
the  tumour,  especially  the  fifth  and  sixth  nerves.    The  trigeminal 

*  The  directicm  of  subjective  rotation  may  be  compared  with  the  apparent  rota- 
tion of  outside  objects.  In  some  intra-cerobellar  cases  the  direction  of  the  subjective 
scn.sc  of  rotation  felt  by  the  patient  is  the  same  as  that  of  apparent  rotation  of  external 
objects,  viz.  towards  the  contra-lateral  side.  Tn  extra-corcbellar  cases  these  two  are 
sometimes  opposed,  so  that  the  |>atient  may  have  a  subjective  sensation  of  rotation 
towards  the  ip.so-lateral  side.  This  alleged  difference  between  intra-  and  extra- 
cerebellar  tumours  as  regards  subjective  sense  of  rotation  is  doubted  l)y  Ojipenheim 
and  by  other  comi)ct«nt  observers.  It  is  therefore  too  uncertain  to  be  conclusive 
by  itaclf. 
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nerve  may  show  irritative  changes  in  the  form  of  neuralgic  pains, 
or,  more  constantly,  paralytic  changes,  usually  moderate  in  degree, 
evidenced  by  diminution  of  sensation  in  the  trigeminal  area.  One  of 
the  earliest  phenomena  of  trigeminal  paresis  consists  in  loss  of  the 
corneal  reflex  on  the  ipso-lateral  side.  Later  on,  from  affection  of  the 
pyramidal  tract  in  the  brain-stem,  we  may  have  hemiplegic  symptoms, 
generally  slight  in  degree,  on  one  or  other  side,  more  commonly  in  the 
ipso-lateral  limbs,  probably  due  to  pressure  of  the  brain-stem  against 
the  opposite  bony  wall  of  the  skull. 


Fia.  243. — Sarcoma  occupying  centre  of  pons. 

Tumours  of  the  Pons. — In  this  region  focal  symptoms  usually 
appear  early,  but  the  general  symptoms,  especially  optic  neuritis, 
tend  to  be  late  in  onset.  The  most  characteristic  sign  of  a  unilateral 
pontine  lesion  is  an  "  alternate  "  paralysis  of  the  fifth,  sixth,  or  seventh 
cranial  nerve  or  nucleus  on  the  ipso-lateral  side,  together  with  hemiplegia 
of  the  contra-lateral  arm  and  leg  and  an  extensor  plantar  response,  or, 
if  the  growth  be  situated  in  the  dorsal  region  of  the  pons,  there  may  be 
hemi- anaesthesia  of  the  contra-lateral  side  of  the  body.  If  the  lesion 
infiltrates  the  ponto-cerebellar  angle,  internal  to  the  point  of  emergence 
of  the  auditory  nerve,  there  may  be  hemi-analgesia  and  hemi-therman- 
sesthesia  from  implication  of  the  fibres  for  pain  and  temperature,  which 
at  this  level  are  at  some  little  distance  from  the  path  for  tactile  sen- 
sation (see  Fig.  12,  p.  15).  According  as  the  growth  is  primarily  intra- 
pontine  or  extra-pontine  in  origin,  the  affection  of  cranial  nerves  will  be 
primarily  nuclear  or  infra-nuclear  in  type,  and  the  grouping  of  the 
symptoms  will  be  slightly  different.    We  have  already  studied  the 
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differences  between  a  nuclear  and  an  infra-nuclear  affection  of  the  sixth 
and  seventh  nerves  (see  pp.  137  and  147).  Tumours  of  the  auditory 
nerve  are  relatively  common,  and  often  bilateral;  they  ultimately 
produce  signs  of  extra-cerebellar  growth,  as  we  have  seen  (p.  459). 

The  clinical  picture  of  alternate  paralysis  is  often  masked  by  the 
fact  that  pontine  tumours  rarely  remain  confined  to  one  side,  but  tend 
to  spread  bilaterally.  In  such  cases  we  depend  for  our  diagnosis  on 
the  existence  of  nuclear  or  infra-nuclear  paralysis  of  the  fifth,  sixth 
and  seventh  nerves,  together  with  signs  of  implication  of  the  motor  or 
sensory  tracts  or  of  the  cerebellar  peduncles. 

Tamonrs  of  the  Medulla  Oblongata. — In  this  region  the  chief 
diagnostic  feature  is  paralysis,  unilateral  or  bilateral,  of  the  lowest 
cranial  nerves  and  nuclei,  from  the  ninth  to  the  twelfth,  producing 
disorders  of  articulation,  deglutition,  etc.,  together  with  signs  of  inter- 
ruption of  the  long  afferent  or  efferent  tracts  coursing  through  the 
brain-3tem. 

Tumours  of  the  Fourth  Ventricle  may  arise  eitherf  rom  the  ependyma, 
or  from  the  choroid  plexus,  or  they  may  be  parasitic  cysts  caused  by 
cysticerci.  In  purely  ventricular  growths  focal  symptoms  may  be 
absent.  If,  however,  the  lesion  extends  into  the  dorsal  part  of  the 
pons  or  medulla,  or  into  the  cerebellum,  corresponding  symptoms 
develop.  Glycosuria  is  relatively  common.  We  have  already  referred 
to  the  peculiar  form  of  vertigo  which  occurs  in  cases  of  free  cysticercus 
in  the  ventricle  (p.  155). 

Pathological  Diagnosis  of  Intra-cranial  Growths. — In  any  given 
case  it  may  be  impossible  to  diagnose  with  certainty  the  nature 
of  the  growth,  since  the  symptoms  depend  not  on  the  structure,  but 
on  the  anatomical  position  of  the  tumour.  But  if  there  is  a  history 
of  syphilis,  and  still  more  if  the  Wassermann  reaction  in  the  blood- 
serum  is  positive,  a  gumma  may  be  suspected,  and  the  patient  should 
be  given  the  benefit  of  energetic  anti-synphilitic  treatment  for  a  time. 

Noguchi's  luetin  reaction  in  the  skin,  when  a  dead  culture  of  several 
strains  of  Trejwnema  pallidum  is  injected  hypodermically,  is  an  important 
method  of  diagnosing  latent  syphilis.  In  a  syphilitic  individual  the  luetin 
injection  produces  a  reddish  indurated  papule  or  pustule,  often  surrounded 
by  an  infianmiatory  area  and  lasting  four  or  five  days. 

It  must  not  be  forgotten,  however,  that  even  gummata  sometimes 
resist  medicinal  treatment,  and  it  may  be  necessary  to  remove  a  cerebral 
syphiloma  by  operation.  Syphilitic  lesions  of  the  central  nervous 
system  are  also  associated  with  an  excess  of  lymphocytes,  together 
with  the  presence  of  globulin  and  a  positive  Wassermann  reaction, 
in  the  cerebro-spinal  fluid;  a  normal  fluid  would,  therefore,  be  against 
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a  diagnosis  of  syphiloma.  But  an  excess  of  lymphocytes  occurs  not 
only  in  tuberculous  tumours,  but  even  in  true  neoplasnis.  A  sudden 
apoplectiform  aggravation  of  the  symptoms  is  suggestive  either  of 
glioma  or  of  aneurism,  gliomata  being,  from  their  loose  texture  and 
high  vascularity,  particularly  liable  to  spontaneous  haemorrhages. 
Aneurisms  sometimes,  and  arterio- venous  aneurisms  more  often,  may 
be  accompanied  by  pulsating  bruits ;  these  may  not  only  be  perceptible 
by  the  patient,  but  can  sometimes  be  auscultated  by  the  physician. 

Tuberose  sclerosis  is  a  rare  congenital  disease  in  which  there  are 
curious  neoplasms  in  the  brain,  and  frequently  also  in  other  organs, 
notably  the  kidneys,  heart,  and  skin.  The  brain  tumours,  which  are 
often  multiple,  consist  of  an  intermingling  of  "  dislocated  "  nerve-cells 
with  gliomatous  overgrowth.  Sometimes  these  give  rise  to  the  general 
signs  of  intra-cranial  pressure — ^headache,  optic  neuritis,  general  con- 
vulsions, etc.  Local  signs  and  symptoms  are  rare.  The  child  is  usually 
epileptic  and  mentally  deficient.  The  chief  diagnostic  feature  is  the 
frequent  presence  of  so-called  sebaceous  adenomata: — small,  closely- 
set  timiours  of  the  skin,  disposed  symmetrically  on  the  face,  chiefly 
about  the  forehead,  bridge  of  the  nose,  naso-labial  folds,  and  chin; 
sometimes  also  on  the  skin  of  the  trunk. 

Cerebral  abscesses  are  mostly  secondary  to  local  infection.  In 
peace-time,  the  commonest  source  of  infection  is  from  the  middle  ear 
or  other  accessory  air-sinus  (frontal,  ethmoidal,  or  sphenoidal).  Or 
they  may  follow  compound  fractures  of  the  skull,  sometimes  after  an 
interval  of  months,  during  which  the  patient  appears  to  be  healthy; 
this  is  specially  common  in  war-injuries  of  the  brain.  Less  commonly 
we  find  metastatic  abscesses  without  local  infection  in  the  head,  e.g.  in 
pyaemia,  ulcerative  endocarditis,  actinomycosis,  and  in  some  cases  of 
bronchiectasis,  amoebic  abscess  of  the  liver,  etc.  In  amoebic  cerebral 
abscess,  the  contents  of  the  cavity  consist  of  necrosed  brain-tissue, 
red  blood-cells  and  amoebae,  the  latter  being  most  abimdant  in  the 
abscess  wall. 

Brain  abscesses  secondary  to  otitis  media  generally  follow  cases 
of  chronic  rather  than  of  acute  suppuration  of  the  middle  ear,  although 
this  rule  is  not  invariable.  Their  commonest  situation  is  either  in  the 
temporal  lobe  of  the  cerebrum  or  in  the  lateral  lobe  of  the  cerebellum. 
In  either  of  these  situations  an  abscess  produces  signs  of  general  intra- 
cranial pressure,  such  as  headache,  vomiting,  mental  dulness,  and, 
later,  optic  neuritis.  The  pulse  in  brain  abscess  is  often  abnormally 
slow  (50  to  40  per  minute),  and  the  temperature  may  be  normal  or 
subnormal.  Once  the  abscess  bursts  into  the  ventricles  or  into  the 
sub-arachnoid  space,  producing  a  fulminating  purulent  meningitis,  the 
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pulse  and  temperature  at  once  run  up,  and  the  patient  dies.  A  pyaemic 
temperature,  with  rigors  and  acute  fever  of  remittent  type,  occurs  when 
infective  thrombosis  of  the  lateral  sinus  or  other  venous  sinuses  occurs 
(see  also  pp.  44-45). 

A  temporal  abscess  is  easier  to  recognise  when  left-sided,  owing  to 
the  fact  that  in  riglit-handed  people  the  left  temporal  lobe  contains 
centres  for  word-hearuig :  hence  in  a  left-sided  temporal  abscess  the 
patient  tends  to  have  par-aphasia  and  makes  mistakes  in  naming 
objects  (see  p.  100).  If  the  abscess  be  large  in  size,  it  may  press  in- 
wards towards  the  corona  radiata  and  cause  a  facio- brachial  monoplegia, 
with  perhaps  loss  of  the  abdominal  reflex  upon  the  hemiplegic  side. 
Further,  by  pressure  backwards  towards  the  angulfA-  gyrus,  it  may 
produce  hemianopia,  and  in  left-sided  abscesses,  word-blindness.  Or 
from  extension  downwards,  towards  the  floor  of  the  skull  and  the  ocular 
nerves,  we  may  have  dilatation  of  the  ipsolateral  pupil,  and  ptosis  or 
other  impairment  of  external  ocular  movements.  Cerebellar  abscess 
tends  to  cause  vertigo,  ataxia  of  ipsolateral  limbs,  with  spontaneous 
mispointing  on  Bdrany's  pointing-tests,  and  nystagmus.  The  patient 
often  lies  habitually  upon  the  healthy  side  of  the  head,  keeping  the  side 
of  the  abscess  uppermost.  Frontal  abscess  commonly  arises  as  a 
direct  result  of  infection  from  the  frontal,  ethmoidal,  or  sphenoidal 
air-sinuses.  The  focal  diagnosis  is  often  difficult,  and  we  must  be  on 
the  look-out  for  special  mental  dulness,  deficient  control  of  sphincters, 
loss  of  the  contra-lateral  abdominal  reflex,  and  the  presence  of  an  ex- 
tensor plantar  reflex  on  the  contra-lateral  side. 

Tuberculous  growths  are  specially  common  in  the  pons  and  cere- 
bellum, and  the  existence  of  tuberculous  disease  of  the  lungs,  abdominal 
viscera,  or  elsewhere,  would  tend  to  suggest  a  similar  cause  for  the 
intra-cranial  mischief,  particularly  if  the  patient  be  a  cliild  or  young 
adult.  Calmette's  ophthalmo-reaction  by  inoculating  the  conjunctiva, 
or  Von  Pirquet's  cuti-reaction  by  inoculating  the  skin  with  a  small  dose 
of  tuberculin,  are  sometimes  of  value  in  such  cases. 

Symptoms  of  cerebral  tumour  supervening  in  a  patient  who  has 
already  had  a  malignant  tumour  elsewhere  in  the  body  suggest  that 
the  cerebral  mischief  is  metastatic  in  nature.  In  such  cases  a  curative 
operation  is  out  of  the  question,  since  it  is  probable  that  other  tumours 
will  be  present,  besides  the  one  which  has  been  diagnosed. 

Finally,  we  have  to  bear  in  mind  certain  cases  of  pseudo-tumour 
cerebri,  which  may  be  divided  into  four  groups : — 

( 1 )  Cases  which  after  showing  the  classical  signs  of  brain  tumour 
recover  completely,  or  in  which  an  autopsy  shows  no  lesion  capable  of 
accounting  for  the  symptoms. 

(2)  Cases  of  acute  hydrocephalus  or  serous  meningitis  of  the 
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ventricles  (ependymitis),  relieved  by  thecal  punctures.  Some  of  these 
cases  are  associated  with  otitis  media,  in  which  the  focus  of  suppuratioc 
is  outside  the  dura  mater,  and  the  toxins,  but  not  the  organisms,  pene- 
trate the  barrier  and  set  up  a  serous  meningitis,  in  which  the  cerebro- 
spinal fluid  is  sterile  and  may  even  be  free  from  pleocytosis.  Similar 
cases  arise  in  the  course  of  general  fevers,  especially  measles,  influenza, 
pneumonia,  enteric  fever,  etc.  Others  follow  head-injuries  in  which 
there  has  been  no  question  of  infection  of  the  meninges.-"-  Others, 
again,  are  due  to  chronic  lead  poisoning.  Simstroke  can  also  produce 
an  acute  meningeal  reaction. 

(3)  Localised  ependymitis  of  the  Sylvian  aqueduct,  producing 
blocking  of  this  canal  with  enormous  distension  of  the  ventricles. 

(4)  Extensive  and  acute  softenings,  with  headache,  choked  discs, 
and  hyper-tension  of  the  cerebro- spinal  fluid. 

As  a  rule,  however,  pseudo-tumour  is  more  rapid  in  its  evolution, 
and  the  optic  and  ocular  phenomena  appear  early  and  soon  attain  a 
maximum. 

1  Rosmheld,  Neurolog.  CentralUatt,  1916,  p.  663. 
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CHAPTER  XXVI 

ORGANIC  WAR-LESIONS  OF  THE  NERVOUS  SYSTEM 

The  advisability  of  considering  war-injuries  in  a  special  category  is  not 
merely  because  of  the  dramatic  human  interest  aroused  by  everything 
connected  with  the  titanic  European  struggle.  From  the  medical 
and  scientific  point  of  view,  also,  there  are  important  differences 
between  the  injuries  of  war  and  the  diseases  and  accidents  of  peace. 

Firstly,  missiles  which  traverse  the  tissues  produce  effects  wholly 
different  from  those  which  result  from  spontaneous  morbid  processes. 
They  damage  infliscriminately  anatomical  structures  wlxich  are  seldom 
simultan'-oiisly  affected  in  disease.  Moreover,  when  focal  lesions  similar 
to  the  war  injiirios  of  healthy  brains  do  occur  spontaneously  from  dis- 
ease, they  are  the  result  of  pre-existing  morbid  processes,  which  arise 
.either  in  the  nervous  tissues  themselves,  or,  more  commonly,  in  the 
blood-vessels  or  meninges.  Further,  war-injuries  produce  their  effects 
not  so  often  from  the  mere  mechanical  damage  of  the  projectile  as 
by  the  inward  penetration  of  infective  organisms.  In  wounds  of  the 
nervous  system  which  are  not  immediately  fatal,  the  chances  of 
r<;c()V(;ry  largely  depend  on  whether  septic  infection  has  been  obviated 
or  not. 

Focal  lesions  from  war-injuries  in  healthy  young  brains  and  spinal 
cords,  if  aseptic,  are  equivalent  to  physiological  experiments,  and  the 
r(!sulting  syndromes  are  different  from  those  wliich  occur  in  the  course 
of  disease. 

Lastly,  owing  to  the  healthy  condition  of  the  tissues  originally 
damag(Ml,  the  prospects  of  recovery  after  war-lesions  of  the  nervous 
system  are  much  greater  than  can  be  expected  after  lesions  which 
result  from  disease. 

Brain  Wounds 

Thu  brain  is  protected  against  injuries  from  without  by  several  lines 
of  defence.  Firstly,  there  is  the  thick  scaZ2),separatedby loose  connective 
tissue  from  the  shdl.  This  has  its  pericranium  outside,  for  the  nourish- 
ment and  repair  of  the  outer  table.  The  dense  out/er  table  is  separated 
from  the  dense  inner  table  by  the  spongy  diploe,  and  sometimes  by  air- 
sinuses.  Where  the  diploe  is  absent  and  the  outer  and  inner  tables  are 
in  apposition,  as  in  the  temporal  and  sub-occipital  regions,  additional 
protection  is    afforded  by  the    superjacent    temporal  and  cervical 
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muscles.  Close  withiu  the  skull  is  the  dura  mater,  tough  and  strong. 
This  acts  as  an  iutornal  periosteum  to  the  ijiner  table.  It  is  also  an 
important  mechajiical  defejice,  for,  even  if  the  inner  table  be  forced 
inwards  by  a  blow,  the  dura  may  still  offer  a  successful  resistance,  so 
that  bony  debris,  effused  blood,  or  infective  material  may  be  held  up 
outside  it.  The  dura  is  split,  here  and  there,  to  carry  between  its  layers 
various  important  venous  sinuses.  The  bony  cranium,  when  fractured 
by  a  blow,  may  either  remain  depressed  at  the  site  of  impact,  indenting 
the  dura,  or  it  may  recoil,  leaving  an  extra-dural  haemorrhage  from  one 
of  the  meningeal  vessels  which  are  embedded  in  the  outer  part  of  the 
dural  coat. 

The  dura  mater  is  the  chief  barrier  against  invasion  by  infective 
organisms  threatening  the  brain  from  without.  Even  when  a  gap 
has  been  made  in  it,  the  dura  can  still  make  a  final  effort  to  prevent 
infection  of  the  sub-dural  and  sub-arachnoid  space  by  the  formation 
around  the  gap,  within  a  few  hours,  of  defensive  entanglements  or 
adhesions  between  the  dura  and  the  pia- arachnoid. 

The  cerebro-spinal  dura  mater  is  a  completely  closed  sac,  separating 
the  brain  and  spinal  cord  from  the  other  tissues  of  the  body.  Unlike 
other  encapsuled  organs,  which  can  undergo  enlargement  under  the 
influence  of  haemorrhage,  inflammation  or  tumour-formation,  the  dura 
mater  is  absolutely  inextensible  by  any  physiological  force. 

The  suh-dural  and  sub-arachnoid^ spaces  form  an  almost  defenceless 
zone,  freely  bathed  by  the  cerebro-spinal  fluid.  If  this  fluid  becomes 
contaminated,  it  disseminates  infective  organisms  throughout  the  brain 
and  thence  downwards  into  the  spinal  meninges. 

Within  these  various  coverings  is  the  soft,  helpless  brain-substance, 
held  together  by  the  pia  mater,  a  delicate  network  of  connective  tissue, 
which  dips  into  all  the  cerebral  fissures  and  siUci,  covers  the  convolu- 
tions, furnishes  a  sheath  to  all  the  cranial  nerves,  and  supports  in  its 
meshes  the  arteries,  veins,  and  lymphatics  as  they  enter  or  leave  the 
brain.  It  is  important  to  remember  that  the  cerebral  arteries  and  veins, 
and  especially  the  veins,  are  very  loosely  supported  in  the  pia  mater, 
so  that  meningeal  haemorrhages,  whether  venous  or  arterial,  on  the 
surface  of  the  brain  are  liable  to  spread  widely  over  the  cortex. 
Within  the  brain-substance,  on  the  other  hand,  ha>morrhages  aie  less 
frequently  venous  than  those  on  the  surface,  and  spread  somewhat 
less  easily,  owing  to  the  greater  resistance  offered  by  the  brain-tissue. 

The  cerebro-spinal  fluid  fills  the  cerebral  ventricles  and  bathes  the 
sub-dural  and  sub-arachnoid  spaces,  together  with  the  peri- vascular 
and  peri-cellular  lymph-spaces.  It  is  collected,  here  and  there,  into 
larger  sub-arachnoid  cisterns  or  water  cushions,  notably  in  the  mesial 
inter-peduncular  space  and  laterally  in  the  ponto  cerebellar  angles. 
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Wounds  of  the  Head. — These  may  be  produced  by  various  pro- 
jectiles, such  as  rifle,  revolver,  or  shrapnel  bullets,  shrapnel  fuses  or 
cases,  fragments  of  high-explosive  shells,  or  bombs.  .Sword,  bayonet, 
and  rifle-butt  wounds  are  relatively  rare  in  modern  warfare.  With  the 
exception  of  a  very  small  proportion  (chiefly  due  to  rifle  bullets),  all  the 
woimds  thus  produced  are  septic,  i.e.  infected  by  pyogenic  organisms. 

Cranial  wounds  may  be  divided  into  various  classes : 

1.  Tangential  or  Glancing  Wounds,  in  which  the  bullet  or  metallic 
fragment  does  not  penetrate  the  cranial  cavity.  These  constitute 
the  great  majority  of  non-fatal  cases.  Out  of  a  series  of  118  personally 
observed  cases  (exclusive  of  mere  scalp  wounds),  77,  i.e.  65  per  cent., 
were  tangential,  18  (or  15  per  cent.)  were  through-and-through  wounds, 
and  in  23  (or  20  per  cent.)  the  missile  remained  within  the  cranium. 

Tangential  wounds  may  be  subdivided  into: 

(a)  Scalp  wounds.  These  are  generally,  but  not  always,  septic. 
If  uncomplicated,  scalp  wounds  generally  heal  under  simple  treatment. 
Every  scalp  wound,  however,  should  be  regarded  as  a  potential  brain- 
wound  and  carefully  examined,  lest  it  lead  down  to  a  fracture  of  the 
subjacent  cranium. 

(6)  Fractures  of  the  cranium.  These  are  generally,  but  not  invari- 
ably, compound.  We  may  meet  with,  fissured  fracture  of  both  tables, 
often  radiating  for  long  distances  from  the  site  of  the  blow,  and  fre- 
quently associated  with  extra-dural  haemorrhage.  The  extent  of  a 
fissured  fracture  is  best  determined  by  radiography.  Fissured  fractures 
often  extend  to  the  base  of  the  skull,  where  they  may  implicate  various 
foramina,  producing  cranial-nerve  palsies.  Punctured  fracture,  in 
which,  at  the  floor  of  a  scalp  wound,  there  is  a  local  depressed  frac- 
ture of  both  tables,  is  less  common  than  a  fissured  fracture,  but  is 
highly  dangerous  if  overlooked,  since  it  is  frequently  associated  with 
laceration  of  the  dura  and  with  infection  of  the  meninges  and  of  the 
contused  brain-substance.  Gutter  fracture  is  very  common,  running 
in  any  direction,  whether  sagiti;ally,  transversely,  or  obliquely,  and 
grooving  either  the  outer  table  alone,  exposing  the  diploe,  or,  more 
commonly,  affecting  both  tables  of  the  skuU,  and  with  fissured 
fractures  diverging  in  V-shaped  fashion  from  both  ends  of  the  cranial 

gap- 
Each  of  the  foregoing  fractures  is  liable  to  be  associated  with 
depressed  fracture  of  the  inner  table.  This  is  always  more  extensive 
than  the  fracture  of  the  outer  table,  indenting  and  oft^n  lacerating  the 
dura  mater.  There  may  even  be  a  depressed  fracture  of  the  inner 
table  alone,  whilst  the  outer  table  remains  intact. 

In  all  these  fractures  the  chief  danger  is  not  that  of  the  fractured 
bone  itself,  but  that  of  injury  to  the  brain  or  its  meninges.    The  sub- 
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jacent  brain- tissue  may  be  contused  by  the  impact,  or  there  may  be  a 
superficial  cortical  hseniorrhage  from  laceration  of  the  thin-walled 
surface- veins  or  from  penetration  of  a  tough- walled  venous  sinus. 

In  every  compound  fracture  the  cardinal  point  to  determine  is: — 
Has  the  dura — the  great  barrier  against  intra-cranial  infection — been 
lacerated?  This  is  determined  by  careful  inspection  and  palpation 
of  the  womid,  often  greatly  assisted  by  an  X-ray  photograph.  A  probe 
should  never  be  used  to  search  for  a  yaj)  in  the  dura,  for  not  only  does  it 
tend  to  make  a  false  track,  but  it  may  push  infective  material  inwards 
towards  deeper  structures. 

So  long  as  the  dura  is  untorn,  sub-dural  lesions  usually  remain  free 
from  infection  and  run  an  aseptic  course.     If,  however,  the  dura  be 


Fig.  -241.  Fig.  244a 


Figs.  244  and  244a. — Brain  sections  from  the  case  of  a  patient  who  was  admitted 
moribund  with  total  left-sided  hemiplegia  and  a  cranial  gap  in  the  right  parietal 
region.  An  area  of  softening  extends  through  the  centrum  ovale  from  the  site 
of  the  tangential  wound  to  just  outside  the  posterior  horn  of  the  lateral  ventricle. 
No  bullet  or  metallic  fragment  was  foimd  within  the  brain.  ^The  hsemorrhagic 
area  was  most  marked  near  the  surface  (Fig.  244),  the  deeper  part  of  the  softened 
area  being  free  from  haemorrhage.  Numerous  bony  splinters  were  scattered 
deep  into  the  brain,  being  most  numerous  immediately  outside  the  lateral  ven- 
tricle (Fig.  244a),  which  was  not  penetrated. 

lacerated  in  an  open  wound,  the  brain-substance  is  now  in  direct 
continuity  with  a  possibly  septic  outer  world. 

2.  Penetrating  Wounds  of  the  Cranial  Cavity. — These  are  wounds 
in  which  projectiles,  bony  fragments,  and  sometimes  portions  of  the 
patient's  scalp  or  head-gear,  become  lodged  within  the  dura  at  varying 
depths  along  the  wound-track.  Should  the  projectile  lacerate  a  large 
artery  en  route,  fatal  cerebral  haemorrhage  may  result.  If  a  bony 
splinter  reaches  the  ventricle  during  the  primary  injury,  the  chances  of 
recovery  depend  on  whether  it  can  be  extracted  before  general  infection 
of  the  ventricles  has  been  set  up.  A  metallic  projectile  which  primarily 
penetrates  the  ventricle  is  generally  fatal.    A  septic  track,  which  comes 
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to  open  secondarily  into  one  of  the  ventricles,  is  always  fatal.  Some- 
times a  shower  of  bony  splinters  becomes  projected  deeply  into  the 
brain  substance  (see  Figs.  244  and  244a),  whilst  the  projectile  itself 
glances  off  or  merely  indents  the  cranium.  Sometimes  the  projectile, 
after  traversing  the  brain,  impinges  on  the  opposite  side  of  the  skull, 
where  it  either  produces  an  elevated  fracture  or  rebounds  to  some  other 
part  of  the  brain.  Metallic  or  bony  fragments  within  the  brain  are 
often  multii)lo.  X-rays  are  of  the  greatest  value  in  localising  them. 
Here  again  a  probe  should  not  be  used  for  their  detection.  Oentle 
palpation  with  the  finger-tip  is  sometimes  permissible,  but  the  area  of 
cortical  destruction  should  not  be  increased  by  the  crude  method  of 
introducing  the  finger  into  the  brain-substance. 


Fio.  245. — Radiogram  of  occipito-frontal  brain-\vou;ul.  slowing  gap  of  (utiy  in 
right  occipital  region,  with  metallic  fragment  in  right  frontal  lobe.  Later,  the 
fragment  gravitated  back  again  into  the  occipital  lobe,  where  it  was  found  posC- 
mortem. 

Sometimes  foreign  bodies  in  the  brain  wander  from  their  original 
position  to  some  other  part,  generally  in  an  occipital  direction.  This 
haj)pens  chiefly  with  heavy  metallic  fragments  as  the  result  of  gravity. 

Thus  Fig.  245  shows  a  nidiogram  of  a  foreign  body  which  penetrated 
through  the  right  occiput  and  lodged  in  the  right  frontal  lobe.  At  the 
iuitopsy,  however,  it  was  discovered  in  the  riglit  occipital  lobe,  within  an 
inch  of  the  surface,  liaving  gravitated  backwards  througli  the  softened 
brain-tissue.     The  pati<'nt  had  habitually  been  lying  on  his  back. 

3.  Perforating,  or  In-and-out,  Wounds  are  those  in  which  the  missile 
has  traversed  the  cranial  cavity,  entering  through  one  and  coming  out 
through  another,  generally  a  larger,  opening.  The  edges  of  the  bony 
apertures  are  usually  extensively  comminuted,  and  from  them  fissured 
fractures  ruji  in  various  directions.  One  fissured  fracture  usually  joins 
the  entry  with  the  exit  gap,  whilst  others  diverge  from  the  two 
apertures.    The  amount  of  brain  destruction  is  usually  greater  than  in 
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the  case  of  penetrating  wounds.  Haemorrhage  in  the  bullet-track  is 
most  abundant  at  the  points  of  entry  and  exit,  and  tends  to  diminish 
in  amount  in  the  intervening  parts  (see  Figs.  246  and  246a).  Many 
of  these  cases  are  rapidly  fatal  from  shock  to  the  vital  centres  in  the 
brain-stem.  In-and-out  wounds  by  projectiles  which  traverse  the 
cerebral  ventricles,  or  which  pass  through  the  brain-substance 
beneath  the  ventricles,  are  always  fatal.  A  few  in-and-out  wounds, 
however,  arc  compatible  with  survival,  e.g.  wounds  through  the  pre- 
frontal lobes  or  through  the  upper  region  of  the  cerebral  hemispheres 
above  the  level  of  the  ventricles. 


FIG.  246. 


Fig.  246a. 


Figs.  246  and  24(;a. — Perforating  wound  of  brain.  'I'ho  point  of  entry  is  at  the  iios- 
torior  end  of  the  IHt  occipital  lobe,  one  ineli  from  the  middh;  line.  'J'iir  bullet- 
track  crosses  the  )ni(hllc  line  a!)ove  the  level  of  the  corpus  eallosum,  and  emerges 
through  the  posterior  end  of  the  second  frontal  gyrus  on  the  right  side. 

The  hajiuorrhagc  in  the  bullet-track  is  most  abundant  in  the  left  occipital 
lobe,  diminishing  in  amount  as  the  track  traverses  the  right  cerebral  hemisphere. 
The  anterior  end  of  the  track  consif^ts  of  disintegrated  brain-tissue,  free  from 
hicmorrhage,  except  immediately  around  the  aperture  of  exit,  where  there  are  a 
few  petechial  points  in  the  cortex  and  sub-cortex. 

4.  Bursting  Fractures  with  Extensive  Brain  Contusion. 

Sometimes  a  high- velocity  bullet  at  very  close  range  transmits  its 
energy  to  the  cranial  contents  en  masse.  The  whole  brain  thus  explodes, 
as  it  were,  and  blows  the  roof  of  the  skull  off. 

Other  cases  of  large  cranial  gap  are  the  result  of  glancing  wounds 
from  a  large  missile.  Most  of  these  cases  are  fatal  within  a  few 
minutes  from  acute  paralysis  of  the  respiratory  centres.  A  few 
patients  survive  if  adequate  draijiage  can  be  provided  and  general 
intra-cranial  infection  prevented— a  rare  and  lucky  occurrence. 
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Morbid  Anatomy  of  Brain  Wounds. — Except  in  the  case  of  injuries 
by  high- velocity  bullets  at  very  close  range,  or  by  large  fragments  of 
shell,  as  a  result  of  which  portions  of  the  skull  and  brain  may  be  blown 
away,  sutures  torn  apart  and  the  cranial  base  burst  open,  the  amount 
of  actual  destruction  of  nerve-cells  and  nerve-fibres  produced  directly, 
by  the  projectile  itself,  is  relatively  small.  Most  of  the  structural 
damage  which  results  is  caused  by  haemorrhage,  septic  infection,  or 
other  secondary  evgnt.  Moreover,  the  severity  of  a  cerebral  lesion  is 
not  necessarily  proportional  to  that  of  the  cranial  injury. 

War-injuries  are  usually,  in  young  and  healthy  brains,  free  from 
vascular  or  degenerative  disease.  Rarely  is  a  cortical  centre  completely 
destroyed,  so  that  in  almost  every  case  of  survival  a  certain  amount 
of  recovery  may  be  expected. 

Cerebral  concussion  is  common.  It  is  due  to  sudden  hyper-acute 
compressior,  or  squeezing,  of  the  brain,  producing  momentary  cerebral 
anaemia,  and  associated  with  minute  peri- vascular  haemorrhages  in  the 
cerebral  cortex,  mid-brain,  spinal  nerve-roots  and  spinal  cord,^  at  the 
time  of  the  injury.  It  is  characterised  by  a  frequent,  feeble  pulse,  low 
blood-pressure,  and  shallow,  irregular  respiration,  followed,  if  the 
patient  survives,  by  a  stage  of  reaction,  with  headache,  flushed  face, 
high  blood-pressure,  and  powerfully-beating  heart  (see  p.  53).  Con- 
cussion varies  in  degree  in  different  cases,  and  is  not  always  proportional 
to  the  apparent  severity  of  the  blow.  Thus  in  one  case  a  comparatively 
slight  head-injury,  without  fracture  of  the  skull,  may  produce  severe 
concussion  or  other  intra-cranial  symptoms,  whereas  another  patient 
may  sustain  a  severe  cranial  lesion,  or  even  a  perforating  wound,  and 
yet  concussion  symptoms  may  be  slight  or  transient. 

Cerebral  compression,  from  intra-cranial  haemorrhage,  produces  a 
characteristic  and  easily-recognised  syndrome  (see  p.  56),  which  is  often 
preceded  by  a  stage  of  cerebral  irritation,  during  which  the  patient  lies 
curled  up  in  bed,  with  all  his  limbs  flexed,  burying  his  head  under  the 
bed-clothes  owing  to  photoi)hobia,  and  resenting  any  examination, 
noise  or  conversation.  Meantime  he  suffers  from  violent  headache, 
whilst  the  temperature  is  raised  to  101°  or  102°  F.  The  phenomena  of 
cerebral  irritation  are  probably  due  to  a  mild,  wide-spread  oedema, 
causing  obstruction  of  the  cerebral  veins,  with  consequent  abnormal 
excitability  of  the  whole  brain. 

Meningeal  adhesions  usually  develop  within  a  few  hours  around 
any  wound  in  the  dura  mater.  These  adhesions  are  nature's  effort 
to  shut  off  the  infected  area  from  the  cerebro-spinal  lymph  system 
and  thus  to  j)revent  a  diffused  meningeal  infection.  Meningeal 
adhesions  of  this  sort  constitute  u  barrier  which  should  be  treated 

*  fcJce  p.  53,  footnote. 
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with  the  greatest  respect,  and  should  not  be  broken  down  by  the 
surgeon. 

Structural  damage  of  brain  tissue  is  mainly  due  to  the  following 
secondary  processes : 

1.  Contusion  or  laceration  by  hamorrhage,  which  may  be  super- 
ficial or  deep.  A  superficial  haemorrhage,  sub-dural  or  sub-pial,  is  not 
necessarily  arterial.  It  is  more  often  due  to  tearing  of  cortical  veins 
by  a  depressed  fragment  of  bone,  or  to  rupture  of  thin- walled  surface- 
veins  near  their  point  of  entry  into  the  rigid  superior  longitudinal  sinus. 
Superficial  haemorrhage,  whether  arterial  or  venous,  produces  signs  of 
cortical  lesion,  varying  with  the  particular  region  affected.  Thus  in  the 
motor  cortex  we  have  localised  paralysis  with  muscular  rigidity  and 
sometimes  Jacksonian  fits ;  in  the  sensory  cortex,  anaesthesia  of  cortical 
type;  in  the  visual  cortex,  impairment  of  vision,  sometimes  preceded 
by  subjective  luminous  sensations,  and  so  on.  In  longitudinal  sinus 
injuries  there  is  diplegia  of  the  lower  limbs,  with  motor  or  sensory 
symptoms  or  both,  varying  according  to  the  extent  of  contusion  of  the 
mesial  edges  of  the  hemispheres.  There  are  also  various ' '  silent  areas 
of  the  brain  which  may  be  severely  damaged  without  producing  any 
obvious  focal  signs  whatever. 

A  haemorrhage  within  the  cranium,  whatever  its  situation  (extra- 
dural, sub-dural,  intra-cerebral,  or  intra- ventricular),produces  its  effects 
mainly  by  compression,  interfering  with  the  circulation  in  adjacent 
parts  of  the  brain.  As  a  haematoma  increases  in  size,  it  first  of  all 
compresses  the  neighbouring  veins,  producing  cyanosis  in  the  adjacent 
zone  of  brain-tissue.  Such  cyanosis  is  associated  with  increased 
excitability.  If  the  haematoma  continues  to  grow  in  size,  the  brain- 
substance  nearest  to  it  now  becomes  emptied  of  its  blood.  Capillary 
anaemia  of  this  sort  produces  paralytic  symptoms.  Beyond  the  zone 
of  capillary  anaemia  there  is  a  zone  of  venous  obstruction.  Therefore  in 
the  later  stage  of  a  large  cortical  haemorrhage  the  hemispherical 
symptoms  are  those  of  anaemia,  i.e.  paralytic  phenomena,  whilst  the 
bulbar  symptoms  are  those  of  venous  obstruction,  viz. : — high  blood- 
pressure,  slow  pulse,  stertorous  breathing,  and  other  irritative  bulbar 
phenomena. 

Haemorrhage  along  a  bullet-track  is  generally  more  marked  near  the 
surface  of  the  brain.  It  may  sometimes  extend  throughout  the  track 
of  disintegrated  brain-substance,  but  often  the  deepest  part  of  the 
wound  is  practically  free  from  haemorrhage. 

Severe  polar  contusions  of  the  brain-substance  may  occur  from 
a  bullet-wound  of  the  head  even  without  traversing  the  cranial 
cavity  or  lacerating  the  dura  mater,  as  in  the  case  shown  in 
Fig.  247. 
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In  this  case  the  bullet  entered  the  head  in  the  mid-frontal  region,  half 
an  inch  above  the  nasion.  It  then  traversed  the  right  orbit,  producing 
paralysis  of  the  ocular  muscles,  and  emerged  below  the  right  mastoid 
process,  fracturing  the  lower  jaw  and  paralysing  the  right  facial  nerve 
en  route. 

At  the  autopsy  the  dura  mater  was  found  intact,  but  there  was  a 
fracture  of  the  cranial  base,  implicating  the  cribrifonn  plate  and  floor 
of  the  right  middle  fossa  of  the  skull.  The  anterior  part  of  the  right 
temporal  lobe  was  severely  contused,  and  also  slightly  the  orbital  surface 
of  the  right  frontal  lobe. 


Fig.  247. — Coatusion  of  right  temporal  UAtc,  witli  fracture  of  cranial  base, 
from  cxtra-dural  bullet-wound. 


In  rare  cases  a  second  cerebral  haemorrhage  may  occur  inde- 
pendently of  the  bullet- wound,  thereby  complicating  the  diagnosis, 
as  in  the  following  case  (Figs.  248  and  249) : — 

A  patient  who  had  sustained  a  ))erf orating  trans- frontal  wound, 
entering  through  one  temporal  fossa  and  emerging  at  the  other,  was  ad- 
mitted with  complete  left-sided  flaccid  hemiplegia.  The  trans-frontal 
wound  was  insufficient  to  account  for  his  symptoms.  These  were  ex- 
plained, however,  at  the  autopsy,  which  showed  an  independent  haemor- 
rhage, the  size  of  a  walnut,  above  and  behind  the  right  internal  capsule, 
at  a  considerable  distance  from  the  bullet-track  through  the  frontal 
lobes. 

Sometimes  a  patient  sustains  two  separate  and  distinct  lesions  from 
the  same  blow: — one  at  the  original  point  of  impact,  the  other  by 
conlre-coup  at  the  o})posite  pole  of  the  brain.  The  following  is  an 
illustrative  example: — 
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A  young  Scottish  officer,  aged  23,  sustained  a  cranial  wound  from 
a  piece  of  high- explosive  shell  which  perforated  his  steel  helmet  obliquely 
through  its  left  anterior  quadrant  and  caused  a  glancing  scalp- wound  of 
the  left  upper  pre-frontal  region. 

He  was  slightly  concussed  and  temporarily  deaf  for  a  few  hours,  so  that 
he  could  not  hear  his  own  voice,  but  was  neither  hemiplegic,  aphasic,  nor 
hemi-anaesthetic.     The  visual  fields  were  not  examined  at  this  stage. 

The  edges  of  the  scalp- wound  were  at  once  excised:  no  fracture  of  the 
skull  was  detected.  An  X-ray  on  the  fifth  day,  however,  showed  a 
circumscribed,  slightly  depressed  fracture  of  the  cranial  vault,  just  to 
the  left  of  the  middle  line. 

A  fortnight  after  the  injury,  headache  and  drowsiness  supervened, 
without  pyrexia.     Accordingly,  on  the  nineteenth^  day,  the  wound  was 


i'lG.  i'48.  —  Transfroutal  wouikI.  Entry 
tliroiigh  right  Sylvian  point.  Exit 
through  left  frontal  lobe,  at  posterior 
end  of  F3  gyrus. 


Fig.  249. — Hjemorrhage  by  "eontre- 
coup"  in  right  centrum  ovale, 
from  the   case   of    transfrontal 
wound  shown  in  Fig.  248. 


explored,  the  depressed  area  of  the  skull  trephined,  antl  a  small  collection 
of  blood-clot  was  evacuated  from  beneath  the  hitherto  intact  dura.  After 
a  few  days  the  patient  was  apparently  free  from  symptoms. 

Eight  weeks  after  the  original  wound,  the  patient  again  became  drowsy 
and  developed  incontinence  of  both  sphincters.  The  pulse  became  slow 
and  he  was  mentally  dull.  There  was  neither  vomiting  nor  optic  neuritis. 
Nevertheless,  in  view  of  the  gradually  progressive  symptoms,  another 
operation  was  undertaken  ten  weeks  from  the  time  of^the  injury.  A  wide 
cranioplastic  operation  was  done  in  the  left  upper  frontal  region.  Nothing 
abnormal  was  found  in  the  left  frontal  lobe,  but  an  abscess  was  discovered 
and  evacuated  in  the  right  upper  frontal  region.  This  last  operation  was 
followed  by  uninterrujjted  recovery,  although  a  small  hernia  cerebri,  the 
size  (tf  a  ))hnn.  took  some  tinu'  to  sub.side. 

Careful  examination,  two  and  a  half  mouths  after  the  injury,  showed 
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no  signs  of  focal  disease  of  the  frontal  lobes.  The  patient  was  bright  and 
intelligent,  with  normal  pulse  and  temperature.  There  was  neither 
hemiplegia,  aphasia,  incontinence  of  sphincters,  nor  henii-ansesthesia. 
The  supinator-jerks,  knee-jerks,  and  ankle- jerks  were  brisk  and  equal 
on  both  sides.  Both  plantar  reflexes  were  flexor  in  type.  The  right 
abdominal  reflex  was  perhaps  a  little  less  brisk  than  on  the  left  side. 

There  was,  however,  complete  left-sided  homonymous  hemianopia, 
both  to  moving  and  to  stationary  objects,  and  on  asking  the  patient  to 
bisect  a  horizontal  line  drawn  on  a  piece  of  paper,  with  either  eye  open, 
he  constantly  made  the  mistake  of  going  to  the  left  of  the  mid-point  (sec 
p.    119).     There  was  no  hemiopic  pupil  reaction.     The  patient  himself 


Fig.  250. — Transverse  wound  of  frontal  bone  causing  deep-spread  abscess  of  right 
frontal  lobe,  with  a  second  pale  green  area  of  purulent  encephalitis  at  tip  of  left 
prefrontal  region. 

volunteered  the  information  that,  ever  since  his  original  wound,  he  had 
been  unable  to  see  objects  to  his  left  side. 

The  visual  signs  in  this  case  clearly  pointed  to  a  lesion  of  the  right 
optic  radiation.  The  absence  of  any  symptoms  of  imi)lication  of  the  long 
sensory  or  motor  cerebro-spinal  tracts  showed  that  the  occipital  lesion  was 
not  directly  continuous  with  the  frontal  lesion,  but  was  the  result  of  a  second 
and  independent  contusion  from  conlre-cowp. 

2.  Acute  cerebral  softening  or  necrosis  of  brain-tissue  occurs  along 
the  track  of  a  bullet-wound.  It  also  occurs  throughout  the  area  of  braiu 
destruction  produced  by  the  sudden  impact  of  a  projectile,  whether 
the  sujMjrjacent  cranium  and  dura  be  lacerated  or  not.  Softening  may 
occur  both  directly,  under  the  point  of  impact,  ajid  at  the  opposite  pole 
of  the  brain,  by  amtre-coup.  The  superficial  part  of  the  softened  area 
then  becomes  infiltrated,  to  a  varying  extent,  by  effused  blood,  forming 
a  hnjmorrhagic  softening,  whilst  the  rest  of  it,  especially  at  the  deepest 


ORaANIC  WAR-LESIONS 


477 


part  from  the  surface,  may  remain  as  a  pale  area  of  simple  disintegra- 
tion, free  from  haemorrhage.  Such  a  softened  area,  if  infective 
organisms  gain  access  to  it,  readily  develops  into  an  abscess. 

3.  (Edema  of  the  brain-tissue,  around  the  contused  or  lacerated 
area,  is  a  common  occurrence,  as  in  other  organs,  following  contusion 
or  laceration.  Cerebral  oedema  is  very  apt  to  produce  obstruction  of 
the  cerebral  veins,  thereby  disturbing,  for  a  time,  a  wider  area  of  brain- 
tissue,  with  a  correspondng  increase  in  the  extent  of  the  focal  signs  and 
symptoms.  Fortunately  it  tends  to  subside  gradually,  and  with  it  the 
brain  symptoms  correspondingly  recede.  Cerebral  venous  obstruction 
produces  irritative  phenomena,  unlike  those  of 
capillary  anaemia,  which  are  usually  paralytic 
in  character. 

4.  Abscess  (or  suppurative  encephalitis)  may 
develop  around  the  infected  track  within 
the  brain.  Unless  successfully  evacuated  and 
drained  externally,  the  suppurative  process 
tends  to  spread  inwards,  and  ultimately,  after 
weeks  or  even  after  many  months  (when  the 
original  wound  may  have  healed  on  the  surface), 
may  reach  one  of  the  ventricles  of  the  brain  (see 
Fig.  250),  producing  ventriculitis.  Death  is  then 
inevitable,  sometimes  sudden,  sometimes  after  a 
few  days,  from  infection  of  the  cerebro- spinal 
fluid.  There  is  sometimes  a  premonitory  stage 
of  slight  pyrexia,  with  reappearance  of  traces 
of  the  former  focal  signs.  The  infection,  having 
once  reached  the  ventricles,  passes  outwards, 
through  the  great  transverse  fissure,  to  the 
base  of  the  brain  and  thence  all  over  tbe  meninges,  from  base  to 
vertex. 

Retained  foreign  bodies,  fragments  of  bone,  metal,  head-gear,  or 
scalp-hairs,  which  have  carried  infection  inwards,  are  the  most 
frequent  cause  of  brain  abscess,  but  abscess  may  also  occur  even  when 
no  foreign  body  is  present  and  when  the  original  brain-injury  has 
seemed  to  be  quite  trivial.  Suppuration  is  specially  common  within 
or  near  a  cerebral  hernia. 

5.  Diffuse  purulent  meningitis  is  the  cause  of  death  in  three-fourths 
of  the  fatal  cases  (apart  from  immediate  fatalities  on  the  field).  It  is 
generally  more  severe  at  the  base  of  the  brain  than  on  the  convexity. 
Sometimes  the  meningeal  infection  is  an  early  event,  spreading  directly 
from  the  neighbourhood  of  the  wound  in  the  dura,  before  there  has  been 
time  for  defensive  adhesions  to  shut  off  the  general  sub-arachnoid 


Fig.  251. — Bullet-wound 
of  right  frontal  lobe. 
The  only  abnormal 
sign,  on  examination 
of  the  nervous  system, 
was  absence  of  the 
left  abdominal  reflex. 
Together  with  this 
there  was  inconti- 
nence of  urine.  There 
was  no  paralysis,  sen- 
sory or  motor,  and  the 
mental  functions  were 
unimpaired. 
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space.  In  other  caHes  infection  of  the  cerebro-spijial  fluid  and  meninges 
occurs  from  subsequent  operative  procedures,  whicli  })roak  down 
protective  adhesions,  e.g.  durijig  an  attempt  to  remove  a  foreign  body 
within.  In  other  cases,  again,  meningitis  is  secondary  to  infection  of 
the  cerebral  ventricles  by  direct  spread  of  the  septic  process,  and  it  is 
in  this  way  that  a  large  proportion  of  cerebral  abscesses  cause  death. 

Hernia  cerebri  is  a  condition  in  which  a  bulging  mass  of  brain 
tissue  is  prolapsed  through  a  cranial  opening  (see  Figs.  251  and  252). 
The  contents  of  the  hernial  swelling  are  cerebro-spinal  fluid  and  brain- 


FiQ.  252. — Hernia  cerebri  of  riglit  \>iv-  and  post -central  region,  associated  with 
progressive  left  hemiplegia. 


tissue,  in  varying  proportions  in  different  hernise.  -  The  swelling  usually 
pulsates  synchronously  with  the  heart-beats. 

Herniation  is  caused  by  increased  intra-cranial  pressure,  whether 
from  meningitic  changes  following  a  brain-wound  or  in  peace-time 
from  the  continued  growth  of  an  irremovable  intra-cranial  growth. 
Sometimes  in  brain-tumours  a  hernia  cerebri  occurs  after  a  decom- 
pressive craniectomy  for  the  relief  of  intra-cranial  pressure.  In  a 
healthy  brain  the  mere  presence  of  a  gap  in  the  cranium  does  not  cause 
any  ]>rolapse  to  occur  through  the  gap  (see  Fig.  253).  Hernia  cerebri 
following  a  brain  wound  is  therefore  always  a  sign  of  sepsis.  In  cases 
that  are  getting  worse,  from  increasing  intra-cranial  pressure,  the 
herniated  tissues  often  become  cedematous  owing  to  strangulation  of 
the  neck  of  the  hernia  by  the  rigid  dura  and  bone.    Pulsation  then 
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diminishes  and  disappears,  and  the  hernia  forms  a  fungns-like  miish- 
room-shiiprd  mass,  wliich  may  sul)sequpntly  slough  away.  As  the 
hernia  grows  in  size,  it  distorts  the  subjacent  hemisphere  by  traction. 
If  the  lateral  ventricle  becomes  drawn  out,  it  tends  to  rupture  into 
the  infected  track,  and  death  is  then  inevitable.  It  is  remarkable, 
however,  how  large  an  area  of  cerebral  tissue  in  some  cases  may  be 
prolapsed  into  a  hernia  without  producing  paralysis  or  other 
symptoms.  Subsidence  of  a  hernia  is 
a  favourable  sign,  and  indicates  that 
the  intra-cranial  pressure  is  subsiding. 

Transient  oplic  neuritis  develops  in 
a  large  proportion  of  the  more  severe 
brain-wounds.  It  does  not  necessarily 
foreshadow  a  cerebral  abscess  or  a  septic 
ineningitis.  It  comes  on  within  a  day  or 
two  of  the  original  injury,  and  is  probably 
caused  by  serous  meningitis  or  meningo- 
encephalitis, secondary  to  the  local 
haemorrhage  or  other  lesion. 


Fig.  253.  —  Bullet-wound  of 
right  frontal  lobe,  without 
hernia  cerebri.  No  mental 
affection.  No  incontinence  of 
urine.  No  abnormality  of 
cranial  nerves,  nor  of  sensory 
or  motor  functions,  save  for 
absence  of  both  abdominal 
reflexes. 


Focal  Signs  of  Brain  Injuries 

(1)  Lesions  o£  the  cortical  motor  areas 
of  the  pre-ceutral  region  and  of  the  adja- 
cent posterior  end  of  the  second  frontal 
gyrus  (Fig.  3,  p.  4)  are  the  easiest  of  all 
to  recognise,  since  destruction  of  these 
centres  produces  monoplegia,  facial,  bra- 
chial, or  ^crural,  as  the  case  may  be — 
or,  in  more  extensive  lesions,  hemiplegia  of  the  contra-lateral  side. 
Superficial  lesions  such  as  sub-pial  haemorrhage,  or  localised  meningitis, 
or  a  depressed  fracture  pressing  on  the  cortex,  may  also  cause  Jack- 
sonian  fits,  which  commence  in  the  corresponding  muscular  group. 
These  Jacksonian  fits  are  usually  followed  by  a  temporary  increase 
of  paralysis  in  the  previously  convulsed  limb.  A  localised  fit  of  this 
sort  may  either  remain  limited  to  one  limb,  or  segment  of  a  limb,  or  it 
may  spread,  so  as  to  affect  the  muscles  of  the  whole  of  that  side  of  the 
body.  It  may  then  cross  the  middle  line,  becoming  bilateral,  with 
unconsciousness  and  tongue-biting.  Even  without  Jacksonian  fits 
it  is  not  uncommon  to  have  marked  tonic  rigidity  of  the  paralysed  or 
paretic  limb.  This  is  always  suggestive  of  a  superficial  Icvsion  such  as 
a  sub-dural  haemorrhage. 

Lesions  confined  to  the  upper  end  of  the  pre-central  gyrus  (Fig.  254, 
p.  480)  produce  crural  monoplegia,  those  at  its  lower  end  cause  facial 
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(Fig.  255)  or  fadio-lingual  monoplegia  (Figs,  256  and  257),  whilst  lesions 
half-way  dovna.  the  pre-central  gyrus  cause  brachial  monoplegia.  A 
purely  cortical  lesion,  in  order  to  produce  a  complete  hemiplegia,  must 
extend  from  the  upper  to  the  lower  end  of  the  pre-central  gyrus.  If, 
however,  the  lesion  is  sub-cortical,  the  more  deeply  it  extends  through 
the  centrum  ovale  towards  the  internal  capsule,  the  more  completely 
are  the  converging  fibres  of  the  pyramidal  tract  involved,  so  that  quite 
a  small  lesion,  if  deeply  situated  in  the  white  matter  of  the  internal 
capsule,  may  produce  complete  hemiplegia.     In  other  words,  the  more 


Fio.  254. — Bullet-wound  immedi- 
ately to  left  side  of  middle  line, 
exactly  over  upper  end  of  pre- 
central  gyrus.  Horse-shoe  Hap, 
crossing  middle  line,  encloses 
original  wound.  The  middle 
line  and  left  Rolandic  fissure  are 
also  marked  on  the  scalp. 


Fig.  2.'>'>.  Slu-ll-wouiiil  ill  ii.i;lit  Ro- 
landic region,  causing  left  facial 
monoplegia. 


superficial  the  lesion,  the  greater  the  tendency  to  monoplegia;  the 
deeper  the  lesion,  the  more  likely  are  we  to  find  hemiplegia,  often 
accompanied  by  hemi-anaesthesia  and  even  by  hemianopia  (see  pp.  7 
and  8). 

Tangential  wounds  of  the  vertex  often  cause  a  bilateral  lesion  of  the 
upper  ends  of  both  pre-central  gyri,  producing  bilateral  monoplegia  of 
both  legs — crural  diplegia. 

Left-sided  lesions  of  the  pre-central  region,  when  they  implicate 
the  motor  speech-centre  in  Broca's  convolution,  or  the  sub-cortical 
fibres  connecting  it  with  the  other  speech-centres,  produce  motor 
aphasia,  in  addition  to  monoplegia  or  hemiplegia,  as  in  the  following 
case: — 
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A  soldier  was  admitted  to  hospital  unable  to  furnish  any  account 
of  his  previous  history.  He  had  a  small  bullet  hole  in  the  scalp,  two  inches 
to  the  left  of  the  middle  line  and  one  inch  in  front  of  the  middle  of  the 


Fia.  256. — Bullet-wound  of  head,  piudaciug  pre-  and  iwst-Rolandic  lesion, 
with  left-sided  f acio-lingual  monoplegia,  also  loss  of  j  oint-sense  in  left  hand, 
with  astereognosis,  but  without  motor  weakness  of  limbs. 
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i'lu.  2:>7.  Fig.  257a. 

Figs.  257  and  257a. — Left-sided  facio-lingual  monoplegia  from  the  cortical  wound 
shown  in  Fig.  256.  Fig.  257  shows  the  condition  at  rest,  Fig.  2o7a  the  appear- 
ances on  protruding  the  tongue.  , 


Rolandic  fissure.  The  jjatient  was  unable  to  utter  any  sounds,  not  even 
"  yes  "  or  "  no."  He  was  able,  however,  to  understand  and  execute  with 
ease  both  written  and  verbal  requests.     On  trying  to  write  with  his  left 
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hand,  he  made  such  gross  spoiling  mistakes  as  to  be  unintolligiblo — e.g. 
for  "  doctor  "  he  wrote  "  dorocks."  There  was  marked  right-sided  facio- 
hrachial  monoplegia,  tlie  uj)per  limb  being  totally  ])uraly.sed  and  flaccid 
at  all  joints.  The  right  lower  limb  was  only  slightly  feeble  and  dragged 
a  little  in  walking.  The  right  supinator-jerk  was  absent,  the  left  present; 
the  knee-jerks  and  ankle-jerks  were  normal  and  equal;  the  plantar  reflexes 
were  both  flexor  in  type;  the  left  abdominal  reflex  was  absent,  the  right 
present. 

On  exploring  the  bullet-wound,  which  was  apparently  about  four 
or  five  days  old,  a  few  fragments  of  metal  were  found  in  the  outer  table, 
but  there  was  no  depression.    A  trephine-disc  of  bone  was  removed,  and 

on  incising  the  uninjured  dura  im- 
mediately subjacent,  a  mass  of 
blood-clot  was  at  once  extruded 
from  the  sub-cortical  brain-tissue  at 
that  point.  Next  day,  at  the  first 
dressing,  a  further  amount  of  bloo<l- 
clot  also  came  away. 

Ten  days  after  operation,  although 
still  unable  to  speak,  the  i)atient 
could  write  simple  words  to  dicta- 
tion, and  could  also  copy  accurately 
and  add  uj)  columns  of  figures,  using 
hLs  left  hand.  The  right  upper 
limb  was  beginning  to  regain  some 
power.  A  month  after  his  operation 
he  began  to  recover  motor  speech, 
the  first  word  he  said  being  "  Thurs- 
day." Next  day  he  could  form 
short  sentences,  and  within  a  week 
was  able  to  speak  in  normal  fashion, 
although  with  great  deliberation. 
The  monoplegia  of  the  face  and  arm 
completely  cleared  up. 


Fio.  258. — Left -sided  post  -  Kolandic 
wound  of  brain,  producing  profound 
loss  of  joint-sense  in  right  fingers 
and  liand,  with  astereognosis  of  right 
hand,  and  inability  to  hold  objects  in 
it  with  eyes  shut. 


(2)  Lesions  of  the  post-central 
gyrus  form  a  most  interesting 
group.  Their  symptoms  are  essentially  sensory.  If  the  lesion  implicates 
the  upp'ermost  or  mesial  end  of  the  post-central  gjo'us,  the  symptoms 
are  confined  to  the  contra-lateral  toes  and  ankle.  Proceeding  along  this 
gyrus  from  above  downwards,  the  cortical  sensory  centres  correspond 
in  level  with  the  pre-Rolandic  motor  centres  for  the  knee,  hip,  shoulder, 
elbow,  hand,  etc.,  on  the  other  side  of  the  central  fissure  (see  Fig.  3, 
P-4). 

The  clinical  signs  of  a  post-central  lesion  consist  in  the  presence  of 
one  or  more  varieties  of  sensory  loss  in  the  contra-lateral  limb.  In 
some  cases  we  observe  a  degree  of  blunting  of  cutaneous  sensation 
to  light  touches,  most  marked  at  the  periphery  of  the  limb  and  fading 
as  we  ascend  towards  its  proximal  end.  One  of  the  chief  characteristics 
of  this  cortical  type  of  cutaneous  deficiency  is  its  untrustworthiness  of- 
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response  and  iis  excessive  tendency  to  fatigue,  so  that  responses  to 
touches  tend  to  disappear.  The  compass-test  in  these  cases  shows 
definite  widening  of  the  distance  at  which  a  pair  of  blunt  compass- 
points  are  recognised  as  separate.  Still  more  striking  is  the  loss  of 
joint-sense  in  the  affected  limb  or  segment  of  a  limb,  so  that,  with  the 
eyes  shut,  when  the  patient's  joint  is  passively  moved  from  the  flexed 
to  the  extended  position,  or  vice  versd^  he  fails  to  recognise  its  posture. 
This  loss  of  joint-sense  often  produces  marked  clumsiness  of  the  affected 
hand  or  foot,  which  is  aggravated  if  the    patient  closes  his  eyes. 


Fia.   253. — Left  facial   hemiplegia    from   a    right-sided   cortical  pre-   and 
-  post-Rolandic  lesion.     The  left  arm  was  also  paralysed,  with  astoreog- 
nosis  and  loss  of  joint-sense,  etc. 

Astereognosis  is  another  characteristic  feature  of  post-central  lesions, 
and  is  generally,  but  not  always,  proportional  to  the  loss  of  joint-sense. 
Stereognosis  is  tested  by  closing  the  patient's  eyes  and  then  placing 
some  familiar  object,  e.g.  a  coin,  a  key,  a  pair  of  scissors,  or  a  watch, 
in  his  hand.  In  the  case  of  the  foot,  we  may  use  for  the  same  purpose 
a  brush,  a  sponge,  a  chain,  or  one's  own  finger,  as  the  test  object,  all 
of  these  being  easily  recognised  by  a  normal  foot. 

(3)  Combined  pre-  and  post-central  lesions  are  commoner  than 
pure  lesions  limited  to  the  pre-central  or  post-central  gyrus  alone.  The 
symptoms  of  a  combined  lesion,  which  may  be  unilateral  or  bilateral, 
depend  upon  the  level  at  which  the  Rolandic  fissiu-e  is  crossed,  and  also 
on  the  proportional  involvement  of  the  pre-central  or  motor  and  of  the 
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post-central  or  sensory  cortex.  Bilateral  lesions  are  usually  the  result 
of  a  glancing  wound  of  the  vertex  contusing  the  upper  ends  of  both 
Rolandic  regions  and  producing  a  diplegia,  generally  asymmetrical 
and  with  its  most  profound  symptoms  in  the  lower  limbs.  These  lesions 
are  best  understood  by  studying  a  few  illustrative  cases : — 

Fi''.  2')0  shows  a  patient  in  whom  there  was  a  punctured  depressed 
fracture,  two  inches  to  the  right  of  the  middle  line  and  exactly  over  the 
Rolandic  fissure.  There  was  an  irregular  hoLi  in  the  dura,  from  which 
were  oxtracted  by  Lt.-Col.  Lcgg,  at  an  operation  six  days  after  the  injury, 

two  fragments  of  inner  table,  one 
inside,  the  other  outside  the  dura 
mater,  together  with  intra-  and  extra- 
dural blood-clot.  From  the  outset 
the  patient  had  well-marked  left- 
sided  facial  hemiplegia  (Fig.  259), 
also  complete  paralysis  of  the  left 
upper  limb,  accompanied  by  some 
flexor  rigidity  of  the  shoulder  and 
elbow.  The  left  lower  limb  was  only 
slightly  weaker  than  the  right.  To 
light  cotton- wool  touches  there  was 
no  loss  of  sens.xtion,  although  they 
felt  "different"  in  the  left  hand  and 
forearm.  Pin- pricks  were  felt  equally 
on  both  sides.  The  compass  test 
yielded  3  cm.  in  the  right  hand  and 
10  cm.  in  the  left;  in  the  right  foot 
2  cm.,  in  the  left  11cm.  Joint-sense 
was  lost  at  all  joints  of  the  left  upper 
limb  and  at  the  left  toes,  ankle,  and 
knee.  There  was  astereognosis  of 
the  left  hand  (with  coin,  chain,  and 
key)  and  of  the  left  foot  (with  chain,  brush,  and  sponge).  The  left  plantar 
•  reflex  was  absent,  the  right  was  of  the  normal  flexor  type.  The  left 
abdominal  reflex  was  absent,  the  right  was  present.  The  left  biceps-jerk 
was  brisker  than  the  right;  the  knee-jerks  and  ankle- jerks  were  normal 
and  equal  on  the  two  sides. 

Two  weeks  after  the  original  wound,  the  facio-brachial  monoplegia 
still  persisted,  whereas  the  weakness  of  the  lower  limb  had  disappeared. 
Ankle  clonus,  however,  was  now  elicited  on  the  left  side.  The  loss  of 
joint-sense,  widened  compass  test,  and  astereognosis  still  persisted  in  the 
left  upper  and  lower  limbs. 

Fig.  260  is  another  example  of  a  combined  pre-  and  post-central  lesion 
in  a  young  Australian  officer.  There  was  a  gutter  fracture  of  the  vertex, 
starting  just  to  the  left  of  the  middle  line  in  front  of  the  central  fissure, 
extending  obliquely  backwards  and  to  the  right,  and  crossing  the  u})per 
end  of  the  right  Rolandic  fissure.  On  recovering  consciousness  a  few 
minutes  after  the  injury,  his  left  arm  and  leg  were  powerless  for  about  half 
an  liour.  The  weakness  of  the  arm  then  cleared  up,  but  the  left  lower  limb 
remained  weak,  especially  at  the  toes  and  ankle,  which  were  com])letely 
paralysed.    There  was  also  some  motor  weakness  of  the  right  foot,  which 


Fig.     260. — Vertical    wound,     crossing 
middle  line.     Pre-  and  post-central. 
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persisted  for  a  week  or  two.  Four  days  after  being  wounded  he  had  a  left- 
sided  Jacksonian  fit,  beginning  in  the'  muscles  around  the  left  shoulder 
and  spreading  to  the  left  face  and  left  lower  limb.  When  examined  six 
days  after  the  injury,  his  symptoms  corresponded  accurately  with  the 
cortical  lesions.  Thus  the  movements  of  the  toes  and  ankles  were  feeble 
on  both  sides,  the  paralysis  being  partial  in  the  right  foot  and  complete 
in  the  left.  The  knee  and  hip  were  weak  on  the  left  side  only.  The  upper 
limbs  and  face  were  normal  and  symmetrical.  The  foregoing  phenomena 
were  obviously  due  to  lesion  of  the  upper  ends  of  both  pre-central  convolu- 
tions, more  marked  on  the  right  side  of  the  cerebrum. 

The  sensory  phenomena,  from  lesion  of  the  right  post-central  gyrus, 
were  highly  characteristic.  Thus  the  compass  test  yielded  10  cm.  on 
the  left  foot  as  compared  with  5  cm, 
on  the  right;  joint-sense  was  lost  in 
the  left  toes  and  ankle,  and  there  was 
astereognosis  of  the  left  foot  only, 
tested  with  brush  and  chain.  As  the 
left  lower  limb  regained  its  motor  power, 
it  showed  marked  ataxia  with  the  heel- 
knee  test,  and  the  patient  had  great 
difficulty  in  walking,  more  from  un- 
steadiness than  from  actual  motor  weak- 
ness of  the  left  leg. 

(4)  Lesions  of  the  occipital  lobe 

may  be  unilateral  or  bilateral.  Here 
the  most  important  point  to  deter- 
mine is  whether  the  cortical  half- 
vision  centre,  which  is  situated 
mainly  on  the  mesial  aspect  of  the 
hemisphere  (see  Figs.  3  and  4),  has 
been  damaged.  A  lesion  limited 
to  the  posterior  pole  of  one  occi- 
pital   lobe  will    implicate    only   the 

macular  half-vision  fibres,  producing  a  central  hemi-scotoma  of  the 
contra- lateral  visual  half-fields.  A  bilateral  lesion  of  the  posterior 
poles  of  both  hemispheres  will  cause  a  bilateral  central  scotoma,  whilst 
peripheral  vision,  whose  cortical  centre  is  located  farther  forwards, 
along  the  calcarine  fissure,  will  remain  unaffected.  Complete  unilateral 
destruction  of  the  half-vision  centre  of  one  occipital  lobe  causes 
homonymous  hemianopia  of  the  contra-lateral  halves  of  both  visual 
fields.  If  the  lesion  be  limited  to  the  cortex  above  the  calcarine 
fissure,  only  the  lower  quadrant  of  each  half-field  is  affected— a  lower 
quadrantic  hemianojjia.  If  the  lesion  be  confined  to  the  cortex  below 
the  calcarine  fissure — a  much  rarer  occurrence — an  upper  quadrantic 
hemianopia  results.  Bilateral  occipital  lesions  may  cause  total  blind- 
ness, and  even  in  unilateral  lesions  an  initial  phase  of  total  blindness, 
lasting  hours  or  days,  is  very  commonly  observed.   This  clears  up  later 


Fig.  261.— Radiogram  of  shrapnel 
bullet  in  left  occipital  lobe.  Seen 
from  the  front,  the  bullet  appears 
at  the  back  of  the  left  orbit. 
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to  liemiajiopia  of  one  tyj)c  or  another.  In  a  recovering  case  of 
lieniianopia  visual  perceptioji  of  a  moving  object  precedes  the  power 
of  apj)reciation  of  a  stationary  object.  This  recovery  of  vision  for  a 
moving  object  begins  first  at  the  peripheral  part  of  the  blind  half-field. 
The  commonest  war-injury  producing  heniianopia  is  not  an  occipital 
one,  but  a  lesion  in  the  parietal  region  of  the  head,  implicating  the  optic 
radiations  deep  within  the  substance  of  the  temporal  lobe. 

Occipital  lesions,  if  bilateral,  usually  produce  either  cortical  blindness 
or,  when  the  u})per  lip  of  both  calcarine  fissures  is  damaged,  hemiajiopia 
inferior.    Less  severe  lesions,  implicating  only  part  of  the  visual  cortex 

of  one  side,  produce,  not  a  complete 
hemianopia,  but  a  hemianopic  defect 
or  scotoma  in  the  visual  fields  of 
both  eyes. 

In  quite  a  number  of  cases  the 
haemorrhage,  oedema,  etc.,  around 
the  original  brain-wound  become 
partially  or  wholly  absorbed,  so  that 
the  residual  permanent  lesion,  with 
its  correspondmg  visual  impairment, 
is  much  less  than  would  be  expected 
if  we  examine  the  patient  within  a 
few  hours  or  days  after  his  injury. 
Thus  Fig.  201  is  a  radiogram  of  a 
patient  who  had  a  shrapnel  bullet 
entering  through  the  right  temj^oro- 
parietal  region  and  lodgijig  in  the 
left  occipital  lobe.  The  bullet- track 
thus  traversed  both  occii)ital  lobes.  At  first  he  was  completely  blijid. 
After  three  weeks,  liowever,  he  gradually  regained  perception  of  light 
in  the  left  halves  of  both  visual  fields,  showing  that  the  half -vision  centre 
in  the  right  occipital  lobe  had  not  been  completely  destroyed. 

A  typical  example  of  a  clearing-up  lesion  of  ojie  occipital  lobe  may 
here  be  mentioned.  It  will  be  noted  that  the  lesion  was  on  the  outer 
aspect  of  the  lobe,  so  that  the  calcarine  region  was  not  directly  impli- 
cated. 

Fig.  262  is  that  of  a  patient  who  received  a  small  glancing  wound  in 
the  upper  occipital  region,  1|  inches  to  the  left  of  the  niidtlle  line,  at  a 
level  2i  inches  above  the  external  occipital  j)rotnberance.  The  scalj) 
wound  was  incised  horizontally  and  explored,  but  no  fracture  was  present 
in  the  outer  table.  Immediately  after  being  hit,  this  patient  noticed  that 
he  was  unable  to  see  objects  on  his  right  side,  so  that  he  stumbled  against 
people  and  things  as  he  walked  back  to  the  dressing-station.  Tliis 
hemianopia  lasted  a  week  or  more.  When  examined  more  carefully,  twelve 
days  after  the  injury,  there  was  no  limitation  in  the  size  of  either  visual 


Fig.  262. — ^Losion  of  left  upper  occi- 
pital region. 
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field,  but  the  visual  acuity  in  the  right  halves  of  both  fields  was  markedly 
diminished.     There  was  no  other  sign  of  focal  intra-cranial  lesion. 

Another  instance  of  a  similar  lesion  was  that  of  an  oflQ.cer  who  sustained 
a  glancing  wound,  by  the  fuse  of  a  shell,  in  the  right  upper  occipital  region 
(Fig.  263),  causing  a  cranial  gap  whose  centre  was  1  inch  to  the  right 
of  the  middle  line  and  3^  inches  above  the  level  of  the  external  occipital 
protuberance.  The  wound  was  laid  open  by  a  crucial  incision,  and  there 
was  left  a  small  gap,  tlirough  which  for  several  weeks  a  cerebral  hernia 
protruded  and  then  finally  subsided.  When  examined  five  days  after  his 
original  wound,  there  was  marked  diminution  of  visual  acuity  in  the  left 


Fia.  263. — Lesion  of  right  upper  occipital  region. 


lower  quadrant  of  both  visual  fields.  The  fields  themselves  were  not  con- 
tracted on  eitiier  side.  The  patient  also  had  well-marked  astereognosis 
and  loss  of  joint-sense  in  the  left  toes  and  ankle,  with  widening  of  the 
compass  test  in  the  left  foot  to  10  cm.,  as  compared  witli  4  cm.  in  the  right. 
These  sensory  symptoms  pointed  to  implication  of  the  adjacent  parietal 
cortex,  either  from  oedema  or  from  forward  extension  of  the  occipital 
hemorrhage.  The  leg  symptoms  rapidly  cleared  up,  but  for  i*  time  the 
patient  still  felt  momentarily  confused  when  he  looked  hurriedly  towards 
objects  seen  in  his  left  lower  fields. 

(5)  Lesions  o£  the  frontal  lobes,  unless  they  implicate  the  posterior 
part  of  the  lobe  adjacent  to  the  pre-central  motor  areas,  are  often 
conspicuous  for  the  scarcity  or  absence  of  focal  signs.  Lesions  of  any 
part  of  the  brain  are  liable  to  be  followed  by  sequelae  such  as  headache, 
giddiness,  excessive  fatigue  after  pliysical  or  mental  exertion,  emotional 
irritability,  diminished  power  of  concentration,  etc.,  but  these  sequelae 
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are  specially  frequent  after  injuries  of  the  frontal  region.  Sometimes 
frontal  lesions  are  associated  with  an  alteration  in  the  patient's  char- 
acter, the  change,  unfortunately,  being  usually  for  the  worse. 

Thus  one  patient  sustained  a  through-and-through  transf rental  wound, 
the  bullet  entering  through  one  temporal  fossa  and  passing  out  through 
the  other;  the  only  focal  signs  were  a  transient  monoplegia  of  the  right  face, 
and  loss  of  the  right  abdominal  reflex,  both  of  which  signs  cleared  up  com- 
pletely within  a  couple  of  weeks.  Shortly  afterwards,  during  convalescence, 
he  ran  away  with  a  friend's  wife.  Uncharitable  observers  may  perhaps  be 
sceptical  as  to  the  traumatic  origin  of  this  incident.  There  was  no  history 
of  a  frontal  lesion  in  the  lady. 

Another  officer,  suffering  from  an  abscess  in  the  left  frontal  lobe,  follow- 
ing a  perforating  bullet-wound,  stole  some  money  from  the  clothes  of 
another  patient  who  died  in  the  same  ward,  alleging  as  a  pretext,  when 
charged  with  the  offence,  that  his  comrade,  being  now  dead,  had  no  further 
use  for  money. 

These  are  but  crude  examples.  Prolonged  observations  will  be 
necessary,  after  the  war,  to  establish  the  frequency,  character,  and 
permanence  of  psychical  changes  following  frontal  lesions.  Many 
patients  with  extensive  frontal  destruction  show  no  abnormal  signs 
whatever,  either  physical  or  mental.  It  is  relatively  common,  however, 
for  a  patient  with  a  frontal  wound,  in  the  absence  of  all  other  physical 
or  psychical  abnormalities,  to  have  prolonged  incontinence  of  urine. 

Thus,  in  the  patient  shown  in  Fig.  251,  incontinence  of  urine  was  the 
only  abnormality  that  persisted  when  he  passed  out  of  observation  six 
weeks  after  his  injury. 

Fractures  of  the  anterior  fossa  of  the  skull,  besides  producing 
lesions  of  the  orbital  surface  of  the  superjacent  frontal  lobes,  may  tear 
across  the  olfactory  nerves  at  the  cribriform  plate,  causing  anosmia. 
This  symptom  is  difficult  to  recognise  in  the  early  days  after  the  injury. 
Sometimes  leakage  of  cerebro-spinal  fluid  from  the  nose  affords  a  clue, 
but  the  patient's  mental  state  is  rarely  sufficiently  alert  to  permit  of 
accurate  testing  of  the  function  of  smell  until  some  time  later,  when  the 
acute  cerebral  symptoms  have  passed  off. 

(6)  Lesions  o!  the  temporal  lobe  are  frequently  devoid  of  focal 
symptoms,  since  the  cortical  auditory  centre  in  the  superior  temporal 
g3Trus,  and  the  cortical  olfactory  and  gustatory  centres  in  the  uncinate 
gVTus,  are  represented  bilaterally,  in  both  temporal  lobes.  Thus  one 
temporal  lobe  may  be  extensively  destroyed  without  producing  focal 
signs.  Deep-seated  temporal  lesions,  implicating  the  subjacent  optic 
radiations,  may  produce  hemianopia  in  addition  to  purely  "  temporal  " 
signs.  In  certain  left-sided  lesions,  however,  as  a  result  of  damage  to 
the  word-hearing  centre  on  the  upper  or  Sylvian  surface  of  the  superior 
temporal  convolution,  we  have  word-deafness.  This  is  exemplified 
by  the  following  case: — 
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A  young  soldier  sustained  a  perforating  scalp  wound  in  the  left  tem- 
poral region,  the  entry  being  four  inches  vertically  above  the  external 
auditory  meatus,  the  exit  half  an  inch  above  the  posterior  end  of  the 
zygoma  (see  Fig.  261).  A  radiogram  showed  no  fracture  of  the  cranium, 
nor  did  exploration  of  the  bullet-track  reveal  any  bare  bone.  Neverthe- 
less the  temporal  lobe  had  evidently  been  contused,  for,  when  examined 
a  week  after  the  injury,  he  had  a  moderate  degree  of  sensory  aphasia. 
He  spoke  slowly  and  with  difficulty,  occasionally  jumbling  his  syllables. 
He  could  read  aloud  when  shown 
written  messages,  but  did  not  execute 
written  requests,  whilst  with  verbal 
requests  he  became  easily  confused. 
There  was  no  motor  or  sensory  abnor- 
mality of  the  face,  tongue,  or  limbs 
on  either  side,  and  the  reflexes,  deep 
and  superficial,  were  normal  and 
equal  on  the  two  sides.  All  his 
aphasic  symptoms  gradually  cleared 
up. 

(7)  Lesions  of  the  parietal  region 

of  the  cortex  produce  their  chief 
symptoms  by  affection  of  the  sen- 
sory cortex  (see  p.  195  and  Fig.  3, 
p.  4),  and  also  by  affection  of  the 
psycho- visual  centres  which  extend 
a  little  way  into  this  region  from 
behind,  more  especially  the  word- 
seeing  centre  in  the  angular  gyrus 
on  the  left  side. 

Cortical  lesions  of  the  postero- 
parietal  region,  especially  of  the  angular  and  supra-marginal  gyri, 
produce  psycho-visual  symptoms  such  as  loss  of  visual  localisation 
in  space,  disturbance  of  the  perception  of  depth  and  distance,  etc. 
Such  a  patient,  although  able  to  see  objects  distinctly,  cannot  tell 
how  far  removed  they  are  from  himself  or  from  each  other.  There 
is  also  loss  of  visual  attention,  so  that  the  patient  is  incapable  of 
noting  two  or  more  visible  objects  at  the  same  time,  and  therefore 
has  special  difficulty  in  counting  objects. 

Lesions  towards  the  anterior  part  of  the  parietal  cortex,  i.e. 
the  post-central  g}Tus,  are  specially  associated  with  loss  of  topognosis 
and  of  joint-sense,  and  therefore  we  find  astereognosis  of  the  contra- 
lateral limb  or  limbs.  Lesions  of  the  lower  zone  of  the  parietal 
lobe  produce  special  difficulty  in  appreciating  the  intensity  of  stimuli, 
e.g.  the  difference  between  a  warm  object  and  a  warmer  one:  whilst 
lesions  towards  the  posterior  part  of  the  lobe  are  associated  with  loss 
of  recognition  of  identity  and  difference  in  the  size,  shape,  and  form 


Fig.  264. — Tangential  wound  of  left  tem- 
poral region  with  transient  word- 
deafness. 
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of  objects  felt.  These  three  groups  of  functions  may  be  destroyed 
collectively  in  different  proportions  and  even  independently  of  one 
another.  In  other  cases,  word- blindness  results  from  a  lesion  of  the 
left  angular  gyrus.  Lesions  situated  between  these  various  regions, 
in  a  "  silent "  area  of  the  cortex,  may  be  apparently  devoid  of 
symptoms,  as  in  the  patient  shown  in  Fig.  265. 

This  patient  sustained  a  tangential  wound  in  the  right  upper  parietal 
rogion.  Next  day  the  wound  was  explored,  and  a  depressed  fracture  was 
found  beneath  the  scalp  wound.  The  dotted  line  indicates  the  extent 
of  the  bony  gap  resulting  from  the  craniectomy.  When  examined  eleven 
days  after  the  injury  there  was  no  hemianopia;  the  pupils  and  cranial 
nerves  were  normal.  There  was  no  sensory  abnormality  of  the  face,  trunk, 
or  limbs.  Stereognosis  was  perfect  in  all  the  limbs.  There  was  neither 
weakness,  tremor,  nor  ataxia  of  the  upper  or  lower  limbs,  whilst  the  re- 
flexes, deep  and  superficial,  were  normal  and  equal  on  the  two  sides. 

(8)  Lesions  of  the  cerebellum 
are  in  close  proximity  to  the  vital 
medullary  centres,  which  may  be 
fatally  injured  by  shock,  even 
without  being  directly  implicated 
in  the  destructive  lesion.  Sub- 
tentorial  lesions,  therefore,  are  so 
frequently  fatal  that  in  only  a 
small  proportion  of  direct  wounds 
of  the  cerebellum,  chiefly  super- 
ficial injuries,  does  the  patient  sur- 
vive to  show  cerebellar  symptoms. 
The  following  is  an  example  of 
this  sort: — 

The  patient  had  a  perforating 
bullet-wound  of  the  skull  in  the  right 
cerebellar  region,  entering  below  the 
tip  of  the  right  mastoid  process  and 
emerging  immediately  to  tlie  right  of 
the  external  occipital  protuberance. 

When  hit,  he  did  not  lose  con- 
sciousness, but  " spun  round  and 
round  "  and  fell.  On  being  helped  to  his  feet,  he  could  not  walk  alone,  but 
felt  "  drunk  and  giddy."  He  vomitedwithin  an  hour  of  his  injury,  and  had 
transient  deafness  of  the  right  ear  with  paresis  of  the  right  side  of  the  face. 
Five  days  after  the  injury,  save  for  slight  right-sided  facial  paresis,  upper 
and  lower,  together  with  a  trace  of  unsteadiness  in  walking,  all  his  symp- 
toms had  disappeared.  There  was  neither  nystagmus,  deafness,  ataxia, 
dysdiadochokinesia  nor  other  cerebellar  symptoms. 

More  severe  cerebellar  lesions,  however,  if  the  patient  survives, 
produce  the  characteristic  phenomena  which  we  have  already  described 
(pp.  23  and  258). 
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Fiu.    2G.>. — Wound   of    rig  lit    upper 
parietal  region  in  "  silent "  area. 
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Thus  in  unilateral  lesions  there  is  ataxia  of  the  ipso-lateral  limbs, 
including  asynergia,  hypermetria,  and  dysdiewiochokinesia.  There  is 
also  mis-pointing,  and  spontaneous  deviation  of  the  ipso-lateral  upper 
limb  with  Barany's  pointing-tests.  The  gait  iS  imsteady,  owing  to 
ataxia  of  the  corresponding  lower  limb.  Together  with  this  there  is 
asthenia  and  muscular  hypotonia  of  the  ipso-lateral  limbs,  but  this 
muscular  flaccidity  tends  to  subside  after  a  few  days  or  weeks.  In 
severe  cases  articulation  may  be,  for  a  time,  dysarthric.  Nystagmus 
is  present  in  most  cases,  chiefly  when  the  patient  fixes  an  object  on  the 
ipso-lateral  side  of  his  visual  field.     Skew-deviation  of  the  eyes  is  less 


Fm.  266. — Radiogram  showing  shrapnel  bullet  ia  righj  literal  cerebellar  regie  n. 

common.  Both  this  and  the  nystagmus  are  probably  due  to  implication 
of  Deiters's  nucleus  or  its  connections.  The  knee-jerk  on  the  affected 
side  is  sometimes  of  a  characteristic  "  pendular  "  type  (see  p.  321). 

Bilateral  lesions  produce  bilateral  ataxia,  etc.,  and  the  disorder  of 
articulation  is  more  marked  than  in  unilateral  cases.  Also  the  muscles 
of  the  trunk  and  neck  are  specially  hypotonic,  so  that  the  patient  has 
difficulty  in  standing  or  even  in  sitting  up  unless  supported. 

As  time  goes  on,  after  a  stationary  lesion  such  as  a  bullet-wound, 
a  certain  amount  of  compensation  tends  to  occur.  Thus  the  muscular 
hypotonia  rapidly  subsides.  The  ataxia  improves  more  slowly,  but 
may  ultimately  disappear.  The  following  is  an  example  of  a  com- 
pensated cerebellar  wound : — 
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At  the  age  of  twenty-five,  a  soldier  was  wounded  by  a  shrapnel-bullet 
in  the  Boer  War,  ,  The  entry  was  an  inch  behind  the  right  mastoid  process, 
exactly  at  the  level  of  the  external  auditory  meatus.  There  was  no  exit- 
wound,  and  a  radiogram  taken  eighteen  years  later  showed  the  bullet  lying 
in  the  right  sub-occipital  region  about  half  an  inch  from  the  inner  surface 
of  the  skull  (see  Fig.  266).  After  the  injury  the  patient  noticed  weak- 
ness and  unsteadiness  of  the  right  lower  limb  for  several  months.  He  was 
invalided  out  of  the  army  on  a  pension,  and  became  a  postman  in  civilian 
life.  Ever  afterwiards,  he  noticed  that  the  right  leg  tired  before  the  left 
on  walking.  Fifteen  years  after  his  injury  he  rejoined  the  army,  and  had 
done  nearly  three  years'  additional  active  service  when  he  came  under  ob- 
servation, eighteen  years  after  the  old  wound,  suffering  from  malaria. 

On  examination,  the  only  abnormality  to  be  detected  was  complete 
deafness  of  the  right  ear,  both  to  aerial  and  to  bone  conduction.  There 
was  no  nystagmus,  no  giddiness  and  no  ataxia  of  upper  or  lower  limbs  with 
the  finger-nose,  heel-knee,  or  pointing  tests.  The  knee-jerks  and  ankle- 
j-^rks  were  brisk  and  equal,  and  the  plantar  reflexes  flexor  in  type.  The 
gdit  was  absolutel3'  normal. 

Cranial  nerve  lesionsproduced  by  war  injuriesdo  notdiffer  essentially 
from  those  in  time  of  peace.  As  regards  their  frequency,  compared 
with  injuries  of  peripheral  spinal  nerves,  cranial  nerve  palsies  are  less 
common,  despite  the  fact  that  the  head  is  more  exposed  to  wounds 
than  any  other  part  of  the  body.  This  is  because  so  many  wounds 
which,  if  the  patient  had  survived,  would  have  shown  cranial  nerve 
paralysis  are  rapidly  fatal  from  injury  to  the  brain. 

Sequelae  after  Head  Injuries.— 

Already  in  peace-time  it  has  been  a  matter  of  common  knowledge 
that  some  head  injuries,  even  those  in  which  evidences  of  persistent 
focal  lesions  are  scanty  or  absent,  tend  to  exhibit  permanent  changes 
injunction^  especially  intolerance  to  alcohol,  deficiency  and  slowness  of 
mental  concentration,  abnormally  rapid  mental  fatigue  with 
undiminished  mental  acuity,  increased  emotional  irritability,  special 
sensitiveness  to  changes  of  weather  or  to  changes  of  temperature,  head- 
ache and  giddiness  on  stooping,  sudden  attacks  of  causeless  vertigo, 
etc.  Most  of  these  symptoms  are  probably  referable  to  disturbance 
of  the  vaso-motor  centres.  Vasomotor  disorders  of  a  more  localised 
distribution  are  also  met  with,  such  as  unilateral  sweating  or  unilateral 
rise  of  blood-pressure,  on  the  contra-lateral  side,  after  a  Rolandic 
lesion. 

In  addition  to  the  foregoing,  there  is  a  special  tendency  to  the 
development  of  epUepsy,  even  in  cases  where  the  wounds  are  soundly 
healed  and  free  from  all  suspicion  of  sepsis.  The  epileptic  fits  are  liable 
to  supervene  upon  any  physical  or  mental  over-exertion.  Such 
cases  of  traumatic  epilepsy  may  sometimes  be  the  expression  of  a 
previously  latent  epileptic  tendency.  They  occur  not  merely  in  patients 
in  whom  the  cortical  motor  areas  are  directly  irritated  by  foreign 
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bodies  or  by  inflammatory  processes,  but  also  in  cases  where  no  direct 
local  irritation  can  be  discovered.  Hence  the  importance  of  prolonged 
quietude  and  of  avoiding  physical  or  mental  over-exertion  in  every 
patient  who  has  sustained  a  severe  head  injury. 

The  possible  development  of  cerebral  abscess  or  of  a  fulminating 
purtdent  meningitis^  many  weeks  or  months  after  the  apparent  healing 
of  a  brain-wound,  has  always  to  be  borne  in  mind. 

Other  Organic  Brain  Lesions  in  War.— It  is  not  to  be  expected 

that  war  should  confer  on  the  combatants  any  immunity  from  the 
ordinary  organic  nervous  diseases  which  are  liable  to  occur  amongst 
peaceful  civilians.  Thus  a  soldier  with  syphilitic  or  other  variety  of 
cardio-vascular  disease  is  liable  to  the  ordinary  types  of  cerebral 
arterial  lesions,  such  as  haemorrhage,  thrombosis,  or  embolism.  More- 
over, latent  organic  diseases  such  as  disseminated  sclerosis,  tabes, 
dementia  paralytica,  and  cerebral  tumour  (as  in  the  case  shown  in 
Fig.  237),  also  maladies  like  epilepsy  and  myoclonus,  whose  morbid 
anatomy  is  yet  unknown,  are  not  uncommonly  precipitated  or 
aggravated  by  the  physical  and  emotional  strain  of  warfare,  or  may 
undergo  acute  relapses. 

Most  of  the  combatants  are  young  active  men  who,  having  already 
passed  at  least  one  medical  examination,  would  in  peace-time  be  re- 
garded as  selected  lives.  Chronic  cardiac  or  renal  diseases  are  there- 
fore usually  excluded  at  the  outset.  Nevertheless,  even  in  such 
individuals,  a  certain  proportion  of  organic  brain  lesions  is  directly 
attributable  to  war  conditions. 

Perhaps  the  most  dramatic  examples  are  those  cases  in  which,  in 
order  to  arrest  haemorrhage  in  deep  wounds  of  the  neck,  the  common 
or  internal  carotid  artery  has  to  be  ligatured.  Many  of  these  patients 
recover  without  cerebral  symptoms ;  others,  however,  develop  cerebral 
softening  from  thrombosis  or  embolism  of  the  middle  cerebral  artery, 
with  resulting  hemiplegia.  Makins  ^  considers  such  cases  to  be  due  to 
arterial  embolism,  and  quotes  a  series  of  fourteen  cases  in  which  the 
cerebral  symptoms  occurred  suddenly  at  intervals  varying  from  one 
hour  to  four  days  after  an  injury  to  the  carotid  artery,  whether  by  a 
primary  wound  or  after  ligation  for  the  purpose  of  arresting  haemor- 
rhage.    The  following  is  an  illustrative  example  of  such  an  accident : — 

A  healthy  young  soldier,  aged  twenty-two,  of  fine  physique,  was  shot 
in  the  right  side  of  the  neck  during  the  glorious  landing  of  the  Anzac 
troops  at  the  Dardanelles.  The  bullet  entered  through  the  tip  of  the  right 
mastoid  process  and  emerged  through  the  right  upper  lip,  carrying  away 
part  of  the  upper  jaw.  Furious  bleeding  occurred,  which  was  temporarily 
arrested  on  the  field  by  firm  plugging.     Later  in  the  day  it  was  found 

1  Lancet,  September  23,  1916,  p.  543. 
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nocosaary,  in  order  to  control  tlio  hiumorrhago,  to  ligaturo  tho  riglit  common 
carotid  artery.  (Tho  scar  of  the  operation- wound  can  be  seen  in  Fig.  267.) 
Two  days  later,  on  waking  up,  the  patient  found  himself  completely  hemi- 
plegic  on  the  left  side. 

When  examined  five  weeks  later,  in  one  of  the  base  hospitals,  the  left 
face,  arm,  and  leg  were  completely  paralysed,  with  flaccidity  of  the  aliected 
limbs.  There  were  also  well-marked  sensory  changes,  consisting  in  slight 
blunting  to  cotton-wool  touches  in  the  left  forearm  and  left  leg  below  the 
knee,  together  with  loss  of  joint-sense  at  all  joints  of  the  left  upper  and 
lower  limb,  and  astereognosis  of  the  left  hand  and  foot.  The  deep  reflexes 
were  increa.sed  on  the  paralysed  side,  with  ankle  clonus;  there  was  also 


Fio.  267. — Showing  entry- wound  below  right  mastoid  process.  The  area  of 
anaesthesia  of  the  right  side  of  the  face  is  indicated  by  dark  lines.  The 
scar  of  operation  for  ligature  of  the  common  carotid  is  seen  along  the  an- 
terior border  of  the  stemo-mastoid. 

absence  of  the  left  abdominal  reflex,  while  the  left  plantar  reflex  was 
extensor  in  type. 

Finally,  there  was  an  area  of  localised  anaesthesia  to  all  forms  of  sensa- 
tion on  the  right  side  of  the  face,  mainly  in  the  territory  of  the  second 
division  of  the  trigeminal  nerve,  obviously  due  to  injury  of  that  ner^•e 
from  the  fracture  of  the  upper  jaw. 

Hemiplegia  from  vascular  obstruction  may  also  occur  as  a  result 
of  cardio-vascular  disease  acquired  in  war,  independently  of  trauma. 

Thus  one  patient,  a  lad  of  twenty-two,  who  was  in  hospital  at  the 
time,  suffering  from  an  attack  of  malaria,  developed  complete  right-sided 
hemiplegia  and  aphasia  with  absolute  suddenness,  when  turning  over  in 
bed.  There  was  no  loss  of  consciousness.  The  presence  of  an  aortic  systolic 
bruit  led  us  to  diagnose  a  cerebral  embolism. 
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Another  patjoiit,  aged  twonty-one,  at  the  ojul  of  a  ])rolongo(l  attack 
of  enteric  fever,  suddenly  discovered  himself  unaWe  to  move  the  left  arm, 
and  tiiero  was  moderate  weakness  of  the  left  low(^r  limb,  which  subse- 
quently became  complete.  There  was  no  history  of  venereal  disease; 
the  urine  was  free  from  abnormal  constituents.  Two  days  after  the  onset 
of  the  weakness  he  was  found  to  have  complete  flaccid  left  hemiplegia. 
A  diagnosis  of  cerebral  thrombosis  was  made,  and  seemed  to  be  supported 
by  the  lowness  of  the  systolic  blood-pressure,  measuring  118  mm.  of  mer- 
cury. A  week  after  the  onset  of  the  hemiplegic  attack  he  began  to  re- 
cover power  in  the  affected  muscles.  A  few  days  later,  signs  of  obstruction 
of  the  right  femoral  artery  developed,  with  gangrene  of  the  foot  and  lower 
part  of  the  leg.  The  patient  died  2^  weeks  from  the  onset  of  the  original 
hemiplegia.  At  the  autopsy,  instead  of  thrombosis,  recent  emboli  were 
found,  one  in  the  profunda  artery  of  the  right  thigh,  the  other  in  the  right 
middle  cerebral  artery,  with  a  small  area  of  softening  in  the  right  lenticular 
nucleus.  The  heart  showed  recent  ulcerative  endocarditis  of  the  aortic 
cusps. 

Uraomic  convulsions  are  sometimes  met  with  in  patients  brought 
into  hospitals  or  dressing-stations  on  the  field.  The  medical  officer 
must  ])c  careful  not  to  confound  such  cases  either  with  ordinary  epilepsy 
or  with  epileptiform  fits  from  gross  cerebral  lesions. 

Cerebro-spinal  meningitis,  due  to  one  or  other  variety  of  meningo- 
coccus, may  be  either  sporadic  or  epidemic.  It  is  usually  easy 
of  recognition,  and  the  diagnosis  is  confirmed  by  examination  of 
the  cerebro-spinal  fluid.  Sometimes,  however,  difficulty  arises  with 
cases  of  meningismus,  in  which  with  pyrexia  we  find  severe  cerebral 
symptoms  such  as  headache,  mental  dulness,  or  even  coma,  head- 
retraction,  etc.  Such  cases  can  only  be  diagnosed  from  meningitis  by 
the  examination  of  the  cerebro-spinal  fluid,  which  proves  to  be  normal. 
Patients  with  meningismus  in  war-time  have,  in  my  experience,  most 
frequently  proved  to  be  suffering  either  from  enteric  fever  or  from 
cerebral  malaria,  as  in  Macedonia. 

Wounds  of  the  Spinal  Cord 

The  spinal  cord,  bathed  and  supported  by  cerebro-spinal  fluid, 
is  enclosed  within  the  dense  theca.  The  space  between  pia  and  dura  is 
bridged  across  by  the  ligamenta  denticulata,  at  the  lateral  surfaces  of 
the  spinal  medulla.  It  is  further  protected  by  the  strong,  closely  knit 
bones  and  ligaments  of  the  vertebral  column,  which  in  their  turn  are 
supported  externally  by  thick  masses  of  muscle.  Nevertheless,  war 
injuries  of  the  spinal  cord,  cauda  equina,  and  spinal  meninges  are  fairly 
common.  Injuries  of  this  sort  are  most  often  caused  by  projectiles; 
bayonet- wounds  and  sword-cuts  are  rare. 

Spinal  injuries,  identical  with  accidents  occurring  in  civil  life 
amongst  miners  and  others,  are  also  produced  in  war  by  the  falling 
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of  heavy  sandbags  upon  the  vertebral  column,  or  by  the  collapse  of 
trench  walls  or  buildings  under  shell  or  bomb  explosions. 

Injuries  of  the  spinal  cord  by  bullets  differ  in  some  respects  from 
those  produced  by  fracture-dislocations.  In  bullet  injuries  the  spinal 
cord  may  be  damaged  directly  by  the  penetrating  missile,  or,  more 
commonly,  it  may  be  lacerated  or  compressed  by  in-driven  fragments 
of  bone.  Still  more  frequently  the  bullet-track  passes  through  or  near 
to  the  vertebral  column  without  touching  the  theca  or  spinal  cord  at  all, 
and  yet,  notwithstanding  the  absence  of  any  gross  vertebral  fracture, 
spinal-cord  lesions  are  produced  indirectly  by  the  concussion  effects 
of  the  high-velocity  missile. 

Concassion-lesions  of  the  spinal  cord  vary  widely  in  their  severity, 
ranging  from  a  complete  pulping  of  the  cord,  with  intact  dura  mater, 
to  a  mild,  fleeting  concussion,  revealed  by  symptoms  which  are  quite 
transient,  and  which  are  therefore  often  wrongly  regarded  as  psycho- 
genic or  hysterical.  There  can  be  little  doubt  that  sometimes  so-called 
functional  symptoms,  immediately  following  a  spinal  concussion,  are 
really  due  to  a  transient  organic  molecular  change,  insufficient  to 
produce  the  ordinary  signs  of  a  gross  organic  lesion.  In  doubtful  cases, 
the  presence  of  blood  in  the  cerebro-spinal  fluid  is  in  favour  of  a  diag- 
nosis of  organic  lesion. 

The  pathological  changes  found  in  wounds  of  the  spinal  cord  are 
of  various  types.  Contrary  to  what  might  have  been  expected,  the 
commonest  lesion  is  not  a  haemorrhagic  one,  but  an  area  or  areas  of 
acute  concussion-necrosis.  The  spinal  cord  undergoes  sudden  softening 
in  one  or  more  consecutive  segments,  and  there  is  cedematous  swelling 
above  and  below  the  necrotic  zone. 

In  a  smaller  proportion  of  cases  we  find  a  single  large  intra-tneduUary 
hcBmorrhage,  identical  with  that  which  occurs  in  ordinary  fracture- 
dislocations.  This  haemorrhage  extends  upwards  and  downwards 
from  the  primary  lesion,  chiefly  in  the  grey  matter,  the  posterior  horns 
and  their  vicinity  being  more  affected  than  the  anterior  columns.  In 
other  cases  multiple  capillary  hcemorrhages  are  present,  here  again 
chiefly,  though  not  exclusively,  in  the  grey  matter.  In  haemorrhagic 
lesions  of  the  cord,  whether  large  or  small,  blood  is  usually  effused 
outside  the  cord  but  within  the  theca,  staining  the  cerebro-spinal 
fluid,  in  which  it  can  be  recognised  by  lumbar  puncture.  Extra-thecal 
haemorrhage  may  also  occur,  sometimes  of  considerable  vertical  extent. 

In  another  c'ass  of  cases  the  cord  is  compressed  from  without  by 
fragments  of  bone,  by  bullets,  or  still  less  frequently  by  massive  extra- 
medullary  haemorrhage.  Above  and  below  the  compressed  area,  there 
are  oedema  and  multiple  minute  haemorrhages,  chiefly  into  the  grey 
matter. 
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Infective  meningo-myditis  sometimes  supervenes.  This  condition, 
developing  soon  after  an  injury,  is  produced  by  organisms  which  gain 
access  to  the  meninges,  usually  through  a  septic  bullet-track.  Less 
commonly  it  is  the  terminal  result  of  a  deep,  sloughing  bed-sore, 
implicating  the  spinal  theca.  It  is  easily  recognised  by  the  presence 
of  root-pains,  muscular  rigidity,  and  pleocytosis  of  the  cerebro-spinal 
fluid.  Meningo- myelitis  which  spreads  in  an  upward  direction  from 
the  level  of  the  original  lesion  may  mislead  the  observer  by  causing  him 
to  locate  the  primary  lesion  too  high  up.  In  such  cases  radiography  is 
of  special  value,  since  the  question  of  surgical  intervention  for  the 
removal  of  a  septic  bullet  or  of  a  displaced  bony  fragment  should  be 
decided  not  merely  by  the  level  of  the  anaesthesia,  but  by  the  position 
of  the  vertebral  lesion. 

In  every  spinal  injury,  the  first  problem  to  be  solved  is  whether 
an  organic  lesion  of  the  cord  is  present  or  not.  This  is  usually  easy  to 
determine,  although  hysterical  paraplegia  may  deceive  the  unwary, 
as  in  the  following  example : — 

A  soldier,  aged  thirty-six,  was  waiting  in  a  support  trench,  when  a 
shell  landed  close  by.  Its  explosion  blew  him  three  or  four  yards  along 
the  trench.  No  wound  of  the  trunk  was  produced.  He  was  dazed  for 
about  half  an  hour,  but  not  unconscious.  On  being  propped  on  his  feet, 
he  found  great  difficulty  in  standing,  and  on  sitting  down  had  difficulty 
in  getting  up  again.  His  left  lower  limb  also  felt  subjectively  numb.  He 
was  sent  to  a  base  hospital  as  a  case  of  probable  contusion  of  the  spinal 
cord,  and  the  occurrence  of  precipitancy  of  micturition  after  the  accident 
appeared  further  to  support  this  diagnosis. 

When  examined  eight  days  after  the  accident,  there  was  no  abnor- 
mality save  in  the  lower  limbs.  The  left  leg  showed  slight  comparative 
blunting  of  sensation  to  all  forms  of  cutaneous  stimulation,  from  the  knee 
downwards.  Joint-sense,  however,  was  unaffected.  He  was  unable  to 
sit  up  without  using  his  hands,  although  the  abdominal  muscles  contracted 
normally.  Both  lower  limbs  were  slightly  feeble,  especially  the  left,  but 
no  movement  was  impossible.  The  gait  was  typically  functional  in  type. 
The  patient  walked  cautiously,  pushing  the  left  foot  forwards  and  then 
dragging  the  right  foot  up  to  it.  The  knee-jerks  were  only  just  present; 
the  ankle-jerks  were  brisk  and  equal.  The  plantar  reflexes  were  of  the 
normal  flexor  type  ;  the  abdominal  reflexes  were  brisk.  There  was  no 
spinal  rigidity  or  deformity.  Under  treatment  by  suggestion,  the  weak- 
ness of  the  legs  rapidly  disappeared,  the  "  stocking  "  anaesthesia  cleared  up, 
and  the  patient  became  able  to  walk  normally. 

Should  the  signs  point  to  a  gross  organic  lesion  of  the  spinal  cord, 
we  have  to  determine  the  level  of  the  lesion  and  to  decide  whether 
it  is  complete  or  incomplete.  In  the  case  of  an  incomplete  lesion  we 
have  further  to  consider  whether  it  is  caused  by  extra-medullary 
pressure.  This  may  be  produced  by  a  bullet,  a  fragment  of  shell  or  in- 
driven  bone,  or  by  a  large  extra-thecal  haemorrhage.     In  all  such  cases 
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the  possibility  of  operation  for  the  relief  of  such  pressure  has  to  be 
considered. 

Wounds  of  the  cervical  region  of  the  spinal  cord  are  sometimes 
associated  with  an  immediate  and  extraordinary  lowering  of  the  body 
temperature.  This  hypothermia,  which  may  be  as  low  as  83°  F.  (28*3°C.) 
or  even  80°  F.  (26°  C.),^  is  lower  than  any  that  has  been  observed  to 
result  from  ordinary  surgical  shock,  for  even  in  the  severest  abdominal 
wounds,  or  in  patients  with  profound  loss  of  blood,  the  subnormal 
temperature  rarely  falls  below  89°  F.  or  88°  F. 

The  diagnosis  of  the  level  of  a  spinal-cord  lesion  depends  on  the 
accurate  observation  of  the  various  sensory  and  motor  phenomena. 

Two  varieties  of  sensory  disturbance  may  be  present  in  spinal- 
cord  lesions — firstly,  those  due  to  lesion  of  the  posterior  root  (or  roots) 
interrupted  at  the  level  of  the  lesion,  causing  root-anaesthesia  or  root- 
hypersBsthesia ;  and,  secondly,  the  sensory  affections  resulting  from 
lesion  of  the  sensory  tracts  within  the  spinal  cord. 

A.  Posterior  Root  Symptoms. — Figs.  25  and  26  indicate  the  cutane- 
ous distribution  of  the  various  posterior  roots.  In  lesions  implicating 
the  posterior  roots  before  they  have  entered  the  spinal  cord,  all  forms 
of  cutaneous  sensation  are  affected,  and  there  is  total  ansBsthesia  of 
the  affected  root-areas.  The  posterior  root-fibres  may  also  be  damaged 
after  they  have  entered  the  spinal  cord,  but  before  they  have  been 
regrouped  to  join  the  various  afferent  tracts  shown  in  Fig.  12.  In 
cases  of  this  sort,  certain  forms  of  sensation  may  escape,  so  that  the 
area  of  loss  to  light  touches  may  no  longer  be  co-terminous  with  that  for 
pain  or  temperature.  Further,  the  area  of  cutaneous  loss  is  no  longer 
strictly  limited  to  a  definite  root-area,  but  may  include  parts  of 
several  adjacent  root-areas.  This  is  better  seen  when  the  limbs  are 
affected  than  with  root-lesions  of  the  trunk. 

There  may  also  be  cutaneous  hypersesthesia  in  the  affected  root- 
area.  In  a  unilateral  lesion  this  hypersesthesia  occurs  at  the  upper 
margin  of  the  sensory  loss,  on  the  same  side  as  the  spinal-cord  injury. 
It  is  probably  due  to  inflammatory  reaction  or  oedema  of  the  affected 
root-fibres,  whether  outside  or  within  the  spinal  cord.  It  is  usually  a 
transient  phenomenon,  clearing  up,  as  a  rule,  in  a  few  weeks.  In  some 
cases  there  may  also  be  spontaneous  subjective  root-pains,  either 
running  along  the  limbs  or  occurring  as  girdle-pains  around  the  trunk. 

B.  Intra-medollary  Sensory  Phenomena. — In  a  complete  transverse 
lesion  all  forms  of  sensation  are  abolished  below  the  level  of  the  lesion. 
In  cases  in  which  the  posterior  roots  are  implicated  as  well  as  the  spinal 
cord  proper,  no  difficulty  arises  in  the  diagnosis  of  the  level  of  the  injury, 

1  Weil,  Munch,  mzi.  Wochensch.,  September  11,  1917,  No.  37. 
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since  the  "  tract  anaesthesia  "  due  to  interruption  of  the  intra-spinal 
sensory  tracts  is  continuous  with  the  root  anaesthesia. 

Sometimes,  however,  a  transverse  lesion  is  entirely  intra-meduUary, 
e.g.  in  acute  necrosis  or  haemorrhage  within  the  spinal  cord,  and  does 
not  implicate  the  posterior  roots  which  enter  at  that  level.  In  such 
a  case  we  no  longer  have  a  root- anaesthesia  to  guide  us,  but  have  to 
deal  with  sensory  loss  resulting  from  interruption  of  the  various  intra- 
spinal tracts.  Owing  to  the  obliquity  with  which  the  sensory  fibres, 
after  entering  one  side  of  the  spinal  cord,  cross  over  to  the  opposite 
spino-thalamic  tract  (requiring  several  successive  segments  before  their 
decussation  is  complete),  the  upper  border  of  the  anaesthesia  is  lower 
than  if  these  fibres  crossed  horizontally.  This  is  best  observed  in 
unilateral  lesions,  in  which  an  apparent  discrepancy  may  seem,  at  first 
sight,  to  exist  between  the  upper  level  of  the  motor  phenomena  on  one 
side  of  the  body  and  that  of  the  sensory  loss  on  the  opposite  side.  The 
obliquity  of  decussation  of  the  sensory  fibres  is  greatest  in  the  cervical 
region,  where  five  or  six  segments  may  be  required  before  the  crossing 
is  completed,  whereas  in  the  thoracic  region  the  decussation  is  achieved 
within  a  single  segment  above  the  level  of  entry  of  the  posterior  root 
fibres.  Unless  these  facts  are  borne  in  mind,  if  we  depend  on  the  upper 
level  of  the  sensory  loss  to  localise  an  intra-medullary  lesion,  we  are 
liable  to  locate  it  several  segments  too  low,  especially  if  it  be  in  the 
cervical  region,  where  thermal  sensations  apparently  cross  within 
three  or  four  segments,  painful  sensations  in  about  four  segments,  and 
tactile  sensations  still  more  obliquely. 

Thus  the  upper  margin  of  the  analgesia  and  therm-anaesthesia  tends 
to  be  slightly  higher  than  that  of  the  tactile  loss. 

Another  mechanism  sometimes  produces  these  phenomena.  Thus, 
in  cases  of  haematomyelia,  in  which  a  gross  haemorrhage  implicates 
indiscriminately  grey  and  white  matter  at  a  certain  level,  it  may  "  tail 
off "  upwards,  so  as  to  be  confined  at  its  upper  limit  to  the  grey  matter 
and  central  canal.  In  such  cases  we  have  a  S3rringomyelic  dissocia- 
tion of  sensation,  extending  for  one  or  more  segments,  above  the 
upper  margin  of  the  total,  or  "  global"  anaesthesia  to  all  forms  of 
stimuli. 

The  motor  phenomena  are  also  of  great  value  in  localising  the  level 
of  a  spinal-cord  lesion.  They  are  of  two  varieties.  Firstly,  we  have 
segmental  motor  signs,  due  to  injury  of  the  anterior  cornua  or  anterior 
roots  at  the  level  of  the  lesion;  and,  secondly,  pyramidal  signs,  due  to 
injury  of  the  antero-lateral  columns  of  the  cord. 

The  segmental  innervation  of  the  muscles  of  the  neck,  upper  and 
lower  limbs,  is  well  known,  and  is  indicated  in  the  tables  on  p.  35.  In 
the  thoracic  region  of  the  cord,  between  the  lower  end  of  the  cervical 
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and  the  upper  end  of  the  lumbar  enlargement,  each  segment  innervates 
its  corresponding  intercostal  muscle,  together  with  a  portion  of  the 
spinal  and  abdominal  muscles  at  that  particular  level,  the  rectus 
abdominis  corresponding  to  the  segments  from  the  6th  to  the  10th 
thoracic,  and  the  obliquus  abdominis  to  the  lowest  two  thoracic 
segments. 

Bearing  these  facts  in  mind,  it  is  comparatively  easy  to  identify 
the  particular  segment  (or  segments)  of  the  cord  in  which  there  has 
been  a  lesion  of  the  anterior  cornua  or  anterior  roots,  inasmuch  as  the 
muscles  corresponding  to  that  segment  (or  segments)  undergo  atrophic 
paralysis  and,  after  a  week  or  ten  days,  show  the  electrical  reactions  of 
degeneration.  Thus  in  lesions  affecting  the  cervical  or  lumbar  enlarge- 
ments we  find  certain  groups  of  muscles  in  the  limbs  marked  out  from 
the  others,  whereas  in  lesions  of  the  thoracic  region  the  paralysed 
intercostal  muscles  can  readily  be  differentiated  from  the  non-paralysed 
intercostals  higher  up,  by  palpation  and  sometimes  even  by  inspection. 
Lesions  of  the  ninth  thoracic  segment  produce  paralysis  of  the  lower 
part  of  the  recti  abdominis,  whilst  the  upper  halves  of  the  recti  remain 
unaffected ;  hence,  when  the  patient  attempts  to  sit  up,  the  umbilicus 
is  drawn  upwards.  Lesions  of  the  1 1th  thoracic  segment  spare  the  recti 
altogether,  but  the  obliquui  abdominis,  in  the  flanks,  are  paralysed. 

Pyramidal  motor  signs,  characteristic  of  an  upper  motor  neurone 
lesion,  are  already  familiar,  and  need  not  here  be  discussed  in  detail. 
It  should  be  remembered  that  in  all  severe  traumatic  lesions  of  the 
spinal  cord  the  paralysed  lower  limbs  are  at  first  flaccid,  with  absent 
ankle- jerks  and  knee-jerks,  and  absence  of  plantar  response.^  If  the 
lesion  be  a  complete  transverse  one,  the  deep  reflexes  reappear  slowly, 
after  an  interval  varying  from  several  weeks  to  a  couple  of  months, 
muscular  tonus  is  re-established,  and  together  with  this  the  plantar 
reflexes  become  extensor  in  type  and  the  "  mass-reflex"  (consisting 
in  flexor  spasm  of  the  lower  limbs  with  reflex  contraction  of  the  bladder 
and  paroxysmal  sweating  below  the  level  of  the  lesion)  is  established. 
If  the  lesion  be  incomplete,  the  plantar  reflexes  are  extensor  from  the 
first,  the  muscles  soon  regain  their  tone,  and  within  two  or  three  weeks 
rigidity  sets  in,  sometimes  accompanied  by  reflex  flexor  spasms,  whilst 
the  deep  reflexes  reappear  and  become  exaggerated,  giving  the  typical 

1  It  is  possible  that  this  disappearance  of  the  deep  reflexes  is  not  immediate, 
but  only  occurs  after  an  interval  of  several  minutes,  for  Basil  Hughes*  records  a  case 
of  a  soldier  who  was  cut  in  two  by  a  large  fragment  of  high-explosive  shell,  at  the 
level  of  the  third  thoracic  vertebra,  in  whom  the  knee-jerks,  tested  immediately  after- 
wards, were  found  to  be  brisk,  and  in  whom  pinching  of  the  inner  side  of  either  thigh 
produced  drawing-up  of  the  corresponding  lower  limb.  Opportunities  for  such 
observations  arc  rare,  and  medical  officers  possessed  of  the  necessary  sang-froid  to 
make  them  must  be  rarer  still. 

*  Hughes  and  Banks,  War  Surgery,  1918,  p.  604. 
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clinical  picture  of  an  upper  motor  neurone  lesion.  In  unilateral  lesions 
the  deep  reflexes  in  the  ipso-lateral  paralysed  lower  limb  are  diminished 
or  lost  for  the  first  week  or  two,  subsequently  proceeding  to  the  stage  of 
exaggeration. 

Is  the  Transverse  Lesion  Complete  or  Incomplete? — In  complete 
transverse  lesions  the  plantar  reflexes  are  often  absent  at  first.  In 
some  cases  feeble  plantar  reflexes  of  flexor  type  can  be  elicited  from  the 
outset.  These  give  place,  after  several  weeks,  to  the  classical  Babinski 
extensor  response. 

If  the  lesion  be  a  complete  one,  with  total  functional  discontinuity 
of  the  upper  from  the  lower  fragment  of  the  spinal  cord,  the  damage  is 
irreparable,  and  inasmuch  as  regeneration  of  nerve  tissues  does  not 
occur  within  the  central  nervous  system,  no  operation — e.g.  for  the 
removal  of  a  projectile  or  of  a  displaced  fragment  of  bone,  if  present — 
is  likely  to  be  of  any  avail. 

In  cases  of  transverse  lesion,  the  spinal  cord  may  be  anatomically 
severed,  with  a  gap  between  the  upper  and  lower  segments.  More 
often,  however,  it  is  only  physiologically  interrupted,  the  nervous 
tissues  at  the  level  of  the  injury  being  so  disintegrated  as  to  be,  from 
the  standpoint  of  function,  non-existent.  In  both  varieties  the  clinical 
result,  at  the  outset,  is  the  same;  the  patient  has  complete  flaccid 
paraplegia  with  anaesthesia  below  the  level  of  the  lesion,  together  with 
loss  of  the  ankle- jerks  and  knee-jerks.  During  the  initial  period  of 
shock,  the  plantar  reflexes  are  usually  absent  or  flexor  in  type,  but  tend 
to  return  later  and  to  assume  the  extensor  type.  In  other  cases,  in 
which  a  shred  of  nervous  tissue  survives,  joining  the  segments  above 
the  lesion  to  those  below  it,  the  motor  and  sensory  paralysis  is  complete, 
but  spasticity  develops,  and  the  deep  reflexes  not  only  return,  but  be- 
come exaggerated,  whilst  the  plantar  reflexes  become  extensor  in  type. 

In  a  transverse  lesion  confined  to  a  single  segment  of  the  spinal  cord, 
the  muscles  corresponding  to  that  segment  undergo  atrophic  paralysis 
with  loss  of  faradic  excitability,  as  already  described,  whereas  the 
paralysed  muscles  corresponding  to  all  the  segments  lower  down 
usually  retain  their  electrical  reactions.  In  a  certain  proportion  of 
cases,  however,  all  the  paralysed  muscles,  from  the  level  of  the  lesion 
downwards,  lose  their  faradic  excitability  within  a  week  or  ten  days 
after  the  original  injury.  This  loss  of  electrical  response  remains 
permanont.  So  far  as  I  was  able  to  judge,  in  a  series  of  eight  such  cases 
with  injuries  at  various  levels,  from  the  cervical  region  downwards,  the 
lesion  in  each  of  them  was  an  acute  softening,  not  a  severance  of  the 
spinal  cord  by  direct  injury.  The  probable  explanation  is  to  be  sought 
in  molecular  changes  occurring  in  all  the  anterior  cornual  cells  from 
the  level  of  the  lesion  downwards. 


5()2  NERVOUS  DISEASES 

Let  us  first  consider  those  cases  in  which  a  lesion  causes  complete 
interruption  o!  the  spinal  cord,  whether  directly  by  the  bullet-track  or 
indirectly  by  concussion  necrosis.  In  a  recent  series  of  thirty-four 
personally  observed  cases  (exclusive  of  cauda  equina  lesions),  the  signs 
pointed  to  a  complete  transverse  lesion  in  seventeen,  i.e.  in  one-half  of 
the  cases.    The  following  is  an  example  of  direct  bullet  injury: — 

A  soldier,  aged  twenty-four,  was  wounded  by  a   rifle-bullet  which 

entered  one  inch  above  the  middle  of  the  right  clavicle  and  came  out  one- 

and-a  half  inches  above  the  middle  of  the  left  clavicle.    He  immediately 

lost  power  and  sensation  in  the  trunk  and  lower  limbs. 

There  was  persistent  retention  of  urine,  for  which  the 

catheter  had  been  used. 

When  examined,  five  days  after  the  injury,  the 
patient  had  complete  anaesthesia  to  all  forms  of  cutaneous 
stimulation  up  to  the  level  of  the  2nd  ribs  in  front  and 
to  the  2nd  thoracic  spine  behind,  also  along  the  inner 
margins  of  both  upper  limbs,  in  the  distribution  of  the 
7th  and  8th  cervical  and  1st  thoracic  segments  (see  Fig. 
268).  Vibration  sense  was  lost  in  the  lower  limbs  and 
trunk,  up  to  the  3rd  thoracic  spine,  also  in  the  two  ulnar 
fingers  of  the  right  hand.  Joint-sense  was  absent  in  the 
lower  limbs  and  impaired  in  the  fingers  of  both  hands. 

The  motor  functions  of  the  head,  neck,  diaphragm, 
and  upper  limbs  were  normal,  with  the  exception  of  the 
intrinsic  muscles  of  the  hands,  which  were  paralysed. 
The  intercostal  and  abdominal  muscles  were  paralysed, 
together  with  the  spinal  muscles,  and  there  was  total 
liG.  268.  —  To t a  1  flaccid  paraplegia  of  both  lower  limbs.    The  knee-jerks 
at  level  of  8th  cer-  *^^  ankle- jerks  were  absent,  as  also  were  the  plantar 
vical  segment.       and  abdominal  reflexes.    All  the  muscles  of  the  trunk 
and  upper  and  lower  limbs  reacted  normally  to  faradism. 
There  was  retention  of  urine  with  overflow  dribbling.     The  urine  was 
ammoniacal  and   contained  pus.     The  cerebro-spinal   fluid  was  blood- 
stained, and  on  standing  yielded  a  supernatant  deep  yellow  fluid  with  a 
gelatinous  coagulum.     The  temperature  was  moderately  raised  to  1014°  F. 
A  superficial  bed-sore  was  present  over  the  sacrum. 

The  patient  died  sixteen  days  after  the  date  of  injury.  At  the  autopsy 
the  bullet-track  was  found  to  have  traversed  the  spinal  cord  at  the  level 
of  the  8th  cervical  segment,  the  upper  and  lower  fragments  of  the  cord 
being  joined  only  by  a  thin  strip  of  tissue  in  front  of  the  anterior  com- 
missure. A  small  piece  of  bone  was  embedded  in  the  inner  surface  of  the 
theca  at  the  left  side,  having  been  carried  through  from  right  to  left.  No 
hsemorrhage  could  be  seen,  by  the  naked  eye,  in  the  substance  of  the  spinal 
cord  above  or  below  the  level  of  the  injury,  nor  was  there  any  hole  visible 
in  the  spinal  theca,  although  the  bullet-track  in  the  spinal  cord  and  the 
bony  fragment  within  the  dura  mater  showed  that  it  must  have  been 
perforated. 

The  next  case  is  one  of  acute  softening  from  concussion  necrosis : — 

An  Indian  ofiicer,  aged  thirty-five,  was  wounded  by  a  bullet  whose 
aperture  of  entry  was  one  inch  to  the  left  of  the  9th  thoracic  spine,  the  exit 
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being  in  the  right  mid-axillary  line,  between  the  8th  and  9th  ribs.  When 
examined  five  days  later,  in  addition  to  the  signs  of  a  right-sided  hemo- 
thorax, there  was  total  flaccid  paralysis  of  the  lower  limbs  and  of  the  lower 
abdominal  muscles,  the  umbilicus  being  pulled  upwards  when  the  patient 
attempted  to  sit  up.  There  was  anaesthesia  of  the  lower  limbs  and  trunk, 
to  all  forms  of  stimuli,  up  to  a  level  three  inches  above  the  pubes.  The 
knee-jerks  and  ankle-jeiks  were  absent,  also  the  bulbo-cavernosus,  plantar, 
and  abdominal  reflexes.  There  was  retention  of  urine  with  overflow 
incontinence.  The  cerebro-spinal  fluid  was  clear  and  showed  no  abnor- 
mality on  microscopic  examination. 

The  patient  died  on  the  twenty-first  day  after  the  injury.  At  the 
autopsy  the  spinal  theca  was  uninjured,  and  no  haemorrhage  was  present, 
either  inside  or  outside  it.  At  the  level  of  the  1 2th  thoracic  segment  the 
spinal  cord  'v^as  soft  and  pulpy  for  a  vertical  extent  of  about  an  inch. 
After  suitable  hardening,  sections  through  the  softened  area  showed  that 
the  damage  was  mainly  in  the  posterior  region  of  the  cord,  implicating 
both  grey  and  white  matter.  Microscopic  examination  showed  disin- 
tegration of  all  the  nervous  elements,  with  moderate  proliferation  of  small 
round  cells.     There  was  no  evidence  of  haemorrhage,  old  or  recent. 

Incomplete  transverse  lesions  of  the  spinal  cord  are  sometimes 
mainly  unilateral.  Such  cases,  occurring  above  the  lumbar  enlarge- 
ment, produce  the  classical  Brown- Sequard  syndrome,  consisting  in 
motor  paralysis  on  the  ipso-lateral  side,  with  dissociated  anaesthesia 
on  the  contra-lateral  side,  as  in  the  following  example : — 

The  patient,  a  bandsman,  was  wounded  by  a  shrapnel- bullet  which 
entered  the  right  side  of  the  neck  at  the  middle  of  the  anterior  border 
of  the  sterno-mastoid  muscle.  There  was  no  wound  of  exit.  The  bullet 
crossed  the  middle  line  and  lodged  close  behind  the  outer  end  of  the  left 
clavicle,  where  it  was  discovered  by  radiographic  examination  three  weeks 
later.  When  wounded,  the  patient  fell  to  the  ground  powerless  in  all  his 
limbs.  In  a  few  minutes  he  found  himself  able  to  move  the  right  arm,  and 
next  day  he  recovered  some  power  in  the  right  leg.  There  was  some  delay 
in  micturition,  but  catheterisation  was  never  required. 

When  examined  six  days  after  the  injury,  the  right  pupil  was  slightly 
larger  than  the  left.  Both  pupils  reacted  normally,  and  the  cranial 
nerves  were  otherwise  normal. 

To  cotton-wool  touches  there  was  anaesthesia  of  the  feet  and  ankles 
up  to  the  junction  of  the  lower  and  middle  thirds  of  the  legs.  To  pain 
and  temperature  there  was  loss  of  sensation  in  the  right  lower  limb  and 
right  half  of  the  trunk  up  to  the  level  of  the  3rd  rib,  extending  along  the 
inner  side  of  the  right  upper  limb  in  the  distribution  of  the  7th  and  8th 
cervical  and  first  thoracic  root-areas  (see  Fig.  269).  This  analgesia  and 
therm-anaesthesia  also  extended  across  the  middle  line  of  the  trunk  in  a 
zone  from  the  3rd  rib  to  just  below  the  nipple,  and  along  the  inner  side  of  the 
left  upper  limb  in  a  distribution  similar  to  that  on  the  right  side.  Joint- 
sense  was  normal  in  the  lower  and  upper  limbs,  except  in  the  two  ulnar 
digits  of  the  left  hand,  in  which  it  was  deficient.  Vibration-sense  was  lost 
in  the  lower  limbs  and  lower  part  of  the  trunk,  up  to  the  level  of  the  5th 
thoracic  spine. 

The  left  lower  limb  was  completely  paralysed  and  flaccid.  The  right 
lower  limb  could  be  voluntarily  moved  at  all  joints.    The  abdominal  and 
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intercostal  muscles  were  paralysed  on  both  sides;  the  diaphragm  moved 
normally. 

In  the  right  upper  limb  there  was  paralysis  of  all  the  intrinsic  hand 
muscles  and  of  the  long  flexors  and  extensors  of  the  fingers  and  thumb, 
whilst  the  movements  of  the  wrist,  forearm,  elbow,  shoulder,  and  scapula 
were  normal.  In  the  left  upper  limb  there  was  paralysis  of  the  intrinsic 
hand  muscles  and  of  all  the  flexors  and  extensors  of  the  fingers  and  wrist 
(except  the  extensor  carpi  radialis  brevior).  The  triceps  was  also  paralysed. 
AH  the  other  muscles  of  the  limb  were  normal. 
The  head  and  neck  moved  normally. 

The  biceps-jerks  in  the  upper  limbs  were  brisk;  the 
triceps- jerks  were  absent. 

In  the  right  lower  limb  the  knee-jerk  was  brisk,  the 
ankle- jerk  feeble.  In  the  left  lower  limb  the  knee-jerk 
and  ankle-jerk  were  absent. 

The  right  plantar  reflex  was  flexor  in  type;  the  left, 
at  this  stage,  was  absent.     A  week  later  the  left  plantar 
reflex  was  definitely  extensor  in  type. 
The  abdominal  reflexes  were  absent. 
Beyond  slight  delay  in  micturition,  the  sphincters 
were  otherwise  normal. 

The  right  side  of  the  head  and  neck,  with  the  right 
upper  thoracic  wall,  were  noticed  to  sweat  excessively. 

Gradual  improvement  set  in.  A  week  later,  the  right 
rectus  abdominis  was  observed  to  have  regained  volun- 
tary power,  whilst  the  left  thigh  muscles  were  also  be- 
ginning to  recover.  When  the  patient  passed  out  of 
observation  six  weeks  after  his  injury,  the  cotton- wool 
Fio.  269.  —  Incom-  anaesthesia  had  disappeared,  whilst  the  analgesia  and 
plete  transverse  therm-anaesthesia  were  unchanged.  The  left  lower  limb 
lesion  at  level  of  j^^^j  regained  motor  power  at  all  joints,  but  was  still 
ment.  (Brown-  considerably  feebler  than  the  right.  The  abdominal 
S6quard  syn-  muscles  contracted  on  both  sides,  the  right  better  than 
drome.)  the  left.     The  intercostal  muscles  still  remained  para- 

lysed. In  the  right  upper  limb  no  individual  muscle 
was  now  paralysed.  In  the  left  upper  limb  the  intrinsic  muscles  of  the 
hand  had  recovered.  The  triceps  contracted  feebly,  also  the  extensors 
of  the  wrist.  The  only  muscles  that  remained  totally  paralysed  were  the 
long  flexors  and  extensors  of  the  fingers.  The  knee-jerks  were  brisk,  also 
the  ankle-jerks.  There  was  now  left-sided  ankle  clonus,  and  both  plantar 
reflexes  were  now  extensor  in  type. 

An  incomplete  transverse  lesion  of  the  spinal  cord  may  involve 
mainly  the  mesial  or  central  region  of  the  cord,  leaving  undamaged 
the  fibres  nearer  the  surface.  Inasmuch  as  those  spino-thalamic 
fibres  (conveying  sensations  of  temperature  and  pain)  which  correspond 
to  the  lowest  spinal  roots  lie  nearest  the  surface  of  the  lal^ral  columns, 
the  result  is  that  the  sacral  cutaneous  root-areas — i.e.  the  region  of  the 
genitals,  perineum,  and  "  saddle  area  "  of  the  buttocks  and  thighs — 
tend  to  escape,  whilst  the  root-areas  higher  up,  correspoftding  to  the 
more  mesially  situated  fibres  of  the  spino-thalamic  tract,  are  alone 
affected  by  ansesthcsia.    The  following  is  an  illustrative  case : — 
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The  patient,  aged  twenty,  was  wounded  by  a  bomb  explosion  which 
produced  three  wounds  in  his  back,  all  at  the  level  of  the  12th  thoracic 
spine,  to  the  left  of  the  middle  line.  A  radiogram  showed  a  bullet  2^  inches 
to  the  right  of  the  middle  line  at  the  level  of  the  10th  thoracic  spine.  The 
patient  at  once  lost  all  power  and  sensation  in  the  lower  limbs,  and  for  a 
week  had  retention  of  urine  requiring  catheter.  After  a  few  days,  sensa- 
tion began  to  return  in  the  lower  limbs,  but  they  still  remained  powerless. 

When  examined  four  weeks  after  the  injury,  there  was  loss  of  sensa- 
tion to  cotton- wool  touches  in  the  right  lower  limb,  front  and  back,  as  high 
as  the  groin.  To  pin-pricks  and  temperature  there  was  loss  of  sensation 
in  both  lower  limbs  and  in  the  lower  part  of  the  abdomen,  whilst  an  area 
on  the  back  of  the  thighs,  together  with  the  genitals,  retained  normal 
sensation  (see  Fig.  270).  Joint-sense  was  lost  at  the  toes,  ankles, and 
knees,  normal  at  the  hips. 


Fig.  270.  —  Incomplete  transverse 
lesion,  with  escape  of  lower  sacral 
root-areas. 


Fio.  271.— The  same  case  as  Fig.  270, 
showing  further  recovery  of  sacral 
root-areas. 


The  lower  abdominal  muscles  were  paralysed,  so  that  the  umbilicus  was 
pulled  upwards  on  attempting  to  sit  up.  There  was  total  flaccid  paralysis 
of  all  the  muscles  of  the  lower  limbs,  except  of  the  adductors  of  both  thighs 
and  the  left  sartorius,  which  contracted  feebly. 

The  knee-jerks  were  normal;  there  was  ankle  clonus  on  the  left  side 
only;  the  right  ankle-jerk  was  normal.  The  plantar  reflexes  were  both 
extensor  in  type.     The  sphincters  were  normal. 

The  cerebro-spinal  fluid  was  clear  and  colourless,  containing  one  lym- 
phocyte per  cubic  millimetre. 

The  signs  and  symptoms  gradually  improved,  so  that  a  month  later 
(s3e  Fig.  271)  the  area  of  analgesia  and  therm-ana?sthesia  had  further  re- 
ceded, and  the  sensory  loss  corresponded  to  the  root-areas  from  the  12th 
thoracic  to  the  5th  lumbar  inclusive,  the  areas  below  that  level  having 
almost  entirely  recovered.  Together  with  this,  there  was  a  return  of 
motor  power  in  all  the  muscles  of  the  lower  limbs,  although  the  patient 
was  not  yet  able  to  walk.  There  w^as  knee  clonus  and  ankle  clonus  on 
both  sides,  and  the  plantar  reflexes  were  extensor  as  before. 
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Cases  like  the  foregoing,  owing  to  their  peculiar  area  of  cutaneous 
anaesthesia,  might  readily  be  confounded  with  lesions  of  the  upper  root-s 
of  the  Cauda  equina,  but  are  distinguished  by  the  presence  of  medullary 
signs,  such  as  increase  of  the  knee-  and  ankle- jerks  with  the  presence 
of  clonus,  the  extensor  type  of  plantar  reflexes,  and  the  absence  of 
muscular  atrophy. 

Much  less  frequently  an  incomplete  transverse  lesion  spares  the 
antero-lateral  columns  and  damages  mainly  the  posterior  columns. 
If  such  a  lesion  is  above  the  cervical  enlargement,  the  residual  signs 
are  those  of  ataxia  of  the  upper  and  lower  limbs  together  with  loss 

of  joint-sense  and  vibration-sense 
(both  of  which  are  conducted  up- 
wards exclusively  in  the  posterior 
columns),  but  without  motor  para- 
lysis, since  the  lateral  colunms  are 
intact.  The  superficial  reflexes 
remain  normal,  whilst  the  deep 
reflexes  are  diminished  or  lost. 

We  may  also  have  slight  con- 
tusion with  transient  cedema  of  the 
spinal  cord  without  anatomical  in- 
terruption of  any  of  its  fibres.  In 
such  cases  the  patient,  after  an 
initial  stage  of  total  paraplegia, 
makes  a  good  recovery,  as  in  the 
following  example : — 


Fio.  272. — Transient  lesion  of  spinal  cord 
in  right  cervical  region.  The  patient 
also  had  trench-feet. 


A  young  officer,  aged  twenty- one,  had  a  bullet- wound  which  entered 
IJ  inches  to  the  left  of  the  middle  line  at  the  level  of  the  7th  cervical  spine. 
The  exit  was  immediately  behind  the  right  sterno-mastoid  muscle,  1^ 
inches  below  the  tip  of  the  mastoid  process. 

When  hit,  the  patient  immediately  fell  forwards,  but  with  the  sensation 
of  falling  very  slowly.  He  was  not  unconscious.  At  first  he  was  unable  to 
move  any  limb,  but  within  a  few  minutes  he  found  he  could  move  his 
head  freely.  Within  a  day  motor  power  began  to  return  in  all  the  limbs, 
except  the  right  upper  extremity.  There  was  no  sphincter  trouble  from 
the  outset.  When  admitted  on  the  second  day  to  a  hospital  ship,  he  was 
found  to  be  suffering  also  from  a  mild  degree  of  trench- feet,  resulting  from 
exposure  to  cold  and  damp  after  being  wounded.  Both  feet  were  swollen, 
especially  the  right  foot,  and  the  right  hallux  shortly  developed  a  small 
black  necrotic  area  at  the  tip  of  its  distal  phalanx. 

On  examination  thirteen  days  after  the  injury,  the  pupils  and  cranial 
nerves  were  normal.  To  cotton-wool  touches  there  was  comparative 
blunting  of  sensation  along  the  inner  side  of  the  right  upper  limb  (see  Fig. 
272),  including  1^  ulnar  fingers.  To  pin-jmcks  there  was  no  loss  in  the 
upper  limbs  or  trunk,  but  in  the  feet  there  was  total  analgesia  up  to  3  inches 
above  the  ankles,  obviously  resulting  from  the  trench-feet.     Vibration- 
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sense  was  everywhere  normal.  Joint-sense  was  lost  in  the  right  little 
finger  only. 

In  the  right  upper  limb  there  was  total  paralysis  of  the  triceps,  extensors 
of  the  wrist,  fingers  and  thumb,  and  of  all  the  intrinsic  hand  muscles. 
The  supinator  longus  and  latissimus  dorsi  were  paresed;  all  the  other 
muscles  of  the  limb  were  normal.  The  left  upper  limb,  together  with  the 
diaphragm,  intercostals,  spinal  and  abdominal  muscles,  and  the  muscles  of 
the  lower  limbs,  were  normal  in  their  movements,  save  for  some  paresis 
of  the  toes  and  ankles,  especially  on  the  right  side.  Both  feet,  especially 
the  right,  were  oedematous. 

The  biceps-jerks  and  triceps-jerks  were  absent;  the  knee-jerks  and 
ankle-jerks  were  brisk.  The  plantar  reflexes  were  absent;  the  abdominal 
reflexes  were  faint.     The  sphincters  were  normal. 

To  faradism  all  the  muscles  of  the  upper  and  lower  limbs  reacted  briskly, 
including  the  paralysed  muscles  of  the  right  upper  limb. 

A  week  later  the  cutaneous  anaesthesia  had  cleared  up  in  the  right 
upper  limb,  although  j.oint-sense  was  still  absent  in  the  little  finger.  The 
triceps,  supinator  longus,  and  extensors  of  the  wrist  all  contracted  feebly ; 
the  extensors  of  the  fingers  were  still  paralysed.  The  biceps-jerk  and 
triceps-jerk  were  still  absent  in  the  right  upper  limb,  but  had  reappeared 
in  the  left. 

Lesions  of  the  cauda  equina  from  bullet-wounds  tend  to  be  less 
symmetrical  than  civilian  injuries  (see  p.  229),  but  otherwise  present 
no  essential  difference.  Their 
diagnosis  is  usually  easy. 

The  commonest  war-injury  of 
the  Cauda  is  a  haemorrhage  com- 
pressing its  constituent  roots.  The 
symptoms,  beginning  as  a  complete 
flaccid  paraplegia,  usually  clear  up, 
asymmetrically,  as  the  haemor- 
rhage or  inflammatory  material 
becomes  absorbed.  Motor  signs 
are  generally  more  severe  and 
wider-spread  than  sensory,  and 
bladder  troubles  are  always  promi- 
nent. The  following  are  illustra- 
tive examples : — 

The  patient,  aged  twenty-four,  was  struck  by  a  shrapnel-bullet  which 
entered  the  back  1^  inches  to  the  right  of  the  middle  line  at  a  level  be- 
tween the  second  and  third  lumbar  spines.  He  immediately  lost  power, 
both  motor  and  sensory,  in  the  legs,  and  during  the  first  week  had  inter- 
mittent dribbling  of  urine,  which  subsequently  cleared  up,  so  that  he 
became  able  to  initiate  micturition  by  compression  of  the  abdominal 
muscles.  During  the  first  two  days  after  the  injury  he  had  severe  pains 
in  the  calves  of  the  legs.  A  radiogram  showed  the  shrapnel-bullet  within 
the  body  of  the  second  lumbar  vertebra. 

On  examination,  two  and  a  half  weeks  after  the  injury,  there  was  no 


Fig.  273. — Lesion  of  cauda  equina. 
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abnorniality  save  in  the  lower  limbs.  The  abdominal  muscles  were 
powerful,  and  he  could  sit  up  without  using  the  upper  limbs.  To  pin-pricks 
there  was  total  analgesia  of  the  lower  limbs,  from  the  level  of  the  third 
lumbar  roots  downwards  (see  Fig.  273),  including  the  genitals.  To  cotton- 
wool touches  there  was  anaesthesia  in  the  same  area,  save  in  the  front  of  the 
left  thigh  and  knee.  Joint-sense  was  preserved  in  the  left  hip-joint  and 
lost  in  all  other  joints  of  both  lower  limbs.  Vibration-sense  was  lost  in 
the  bones  of  the  lower  limbs,  except  in  the  left  femur.  There  was  total 
flaccid  paralysis  of  both  lower  limbs,  except  in  the  sartorii,  with  loss  of 
faradic  excitability  in  all  the  muscles,  save  in  the  sartorii  and  in  the  left 
quadriceps  extensor.  The  knee-jerks  and  ankle-jerks  were  absent,  also 
the  plantar,  bulbo-cavernosus,  and  superficial  anal  reflexes.  The  abdo- 
minal reflexes  were  brisk.  There  was  a  healed  bed-sore  over  the  sacrum. 
A  few  days  later,  voluntary  power  returned  in  the  left  quadriceps  ex- 
tensor. Apart  from  this,  the  patient's  condition  remained  unchanged, 
when  he  left  for  England  two  weeks  afterwards. 

The  next  case  is  an  example  of  a  right-sided  cauda  equina  lesion 
of  much  more  limited  extent :  — 

The  patient,  aged  twenty-four,  was  wounded  by 
a  shrapnel-bullet  which  entered  1^  inches  to  the  right 
of  the  fourth  lumbar  spine.  A  radiogram  showed  the 
bullet  lodged  between  the  laminae  of  the  third  and 
fourth  lumbar  vertebrae.  When  hit,  both  lower  limbs 
immediately  became  powerless,  but  within  a  few  minutes 
he  became  able  to  move  the  left  limb.  The  movements 
of  the  right  hip  and  thigh  also  returned,  but  the  right 
ankle  and  toes  remained  powerless.  He  had  subjective 
tingling  of  the  right  limb  from  the  thigh  downwards, 
which  subsequently  receded  to  the  right  sole.  There 
was  retention  of  urine  for  the  first  four  days. 

On  examination  three  weeks  after  the  injury,  there 
was  no  loss  of  cutaneous  sensibility  to  cotton-wool 
touches,  but  to  pin-pricks  there  was  a  small  area  of  anal- 
gesia in  the  sole  of  the  right  foot  (see  Fig.  274).  Joint- 
sense  and  vibration-sense  were  everywhere  normal. 

The  movements  of  the  left  lower  limb  were  powerful 
at  all  joints,  also  those  of  the  right  hip  and  knee. 
There  was  total  paralysis  of  the  right  peronei,  long  ex- 
tensors of  the  toes,  and  tibialis  anticus,  with  drop-foot  on 

that  side.     The  right  calf  muscles  and  long  flexors  of  the  toes  were  feeble. 
The  left   knee-jerk   was  brisk,   the  right   absent.     Both   ankle-jerks 

were  absent.     The  left  plantar  reflex  was  brisk  and  of  normal  flexor  type; 

the  right  was  absent.     The  cremasteric  reflexes  were  brisk  and  equal. 

The  bulbo-cavernosus  reflex  was  absent.      The  sphincters  were  now  normal. 
To  faradism  there  was  diminution  of  excitability  in  the  calf  muscles 

and  anterior  tibial  group  on  the  right  side,  but  no  individual  muscle  failed 

to  react.     It  seemed  probable,  therefore,  that  those  muscles  would  soon 

recover.     The  patient  was  transferred  to  England  a  few  days  later,  and 

passed  out  of  observation. 

Tetanus  is  met   with  in  military  practice  much  more  commonly 
than  in  civil  life.     Although  this  disease  is  a  general  infection,  it  is 


Fig.  274. —  Limited 
right-sided  cauda 
equina  lesion. 
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convenient  to  refer  to  it  here,  since  its  chief  symptoms  are  due  to  irri- 
tation of  the  brain-stem,  especially  of  the  medullary  and  spinal  motor 
nuclei,  by  the  tetanus  toxin. 

The  tetanus  bacillus  is  anaerobic.  It  gains  entrance  through  some 
septic  wound,  sometimes  from  a  projectile,  sometimes  from  the  necrotic 
variety  of  "  trench-foot,"  the  infection  being  almost  invariably  carried 
by  manure-infected  dust  or  soil.  It  flourishes  amongst  the  sloughing 
debris  in  a  lacerated  wound,  whers  its  growth  is  favoured  by  the  pres- 
ence of  suppurative  organisms.  The  clinical  symptoms  are  produced, 
not  by  the  tetanus  bacillus  directly,  but  by  its  toxin.  This  spreads 
upwards,  not  by  the  blood-stream,  but  from  the  muscle  end-plates  at 
the  seat  of  injury,  along  the  motor  nerves,  to  the  motor  nuclei  of  the 
brain-stem.  The  motor  nuclei  governing  the  muscles  in  the  region 
of  the  wound  are  the  earliest  to  be  affected. 

In  cases  which  have  had  a  protective  injection  of  tetanus-antitoxin 
administered  shortly  after  the  occurrence  of  a  wound,  the  clinical 
course  of  the  disease  is  profoundly  modified.  In  a  large  proportion 
of  cases  no  tetanic  symptoms  whatever  supervene.  In  others,  a 
partial  immunity  is  produced  by  the  antitoxin,  so  that  the  bulbar 
centres  are  protected  and  generalised  tetanic  symptoms  remain  absent, 
but  we  may  have  a  modified,  "  post-seric,"  or  local  tetanus.^ 

Thus  in  wounds  of  the  head,  face,  or  orbit,  we  may  have  a  localised 
cephalic  tetanus,  with  tonic  spasm  of  the  facial,  ocular,  mandibular, 
pharyngeal,  or  lingual  muscles,  to  which  may  be  superadded  painful 
clonic  spasms.  This  condition  may  culminate  in  diaphragmatic 
spasm,  with  dyspnoea  and  even  asphyxia.  Cephalic  tetanus  is  often 
accompanied  by  unilateral  paralysis  of  the  facial  muscles  on  the  same 
side  as  the  wound;  yet  even  in  such  cases  the  facial  spasms  may  be 
bilateral.  If  the  patient  survives,  this  unilateral  facial  paralysis  may 
last  for  days  or  weeks,  but  ultimately  clears  up. 

In  wounds  of  the  limbs,  in  which  antitoxin  has  been  given,  but  not 
early  enough  or  in  sufficiently  powerful  doses  to  secure  complete 
immunity,  the  earliest  tetanic  phenomena  tend  to  appear  in  the  muscles 
near  the  original  wound.  These  muscles  develop  a  persistent  tonic 
rigidity,  together  with  exacerbations  of  painful  spontaneous  local 
clonic  twitchings,  and  increased  reflex  irritability  to  gentle  tapping. 
If  trismus  (or  spasm  of  the  jaw-muscles)  remains  absent,  this  indicates 
that  the  antitoxin  has  succeeded  in  preventing  the  fixation  of  the 
poison  in  the  bulbar  centres  and  the  prognosis  is  correspondingly 
better.     If  trismus  supervenes,  the  prospect  is  less  favourable. 

A  third  variety  of  local  tetanus  is  splanchnic  tetanus,  following 
wounds  of  the  abdominal  or  thoracic  viscera,  and  even  occurring  after 
1  Burrows,  Lancet,  January  27,  1917,  p.  139. 
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operations  for  intestinal  diseases,  in  patients  who  have  swallowed 
tetanus  spores.  In  such  splanchnic  cases,  which  are  almost  invariably 
fatal,  the  spasms  are  limited  to  the  muscles  of  deglutition  and  respira- 
tion, the  patient  dying  from  respiratory  spasm  within  one  or  two  days 
after  the  onset  of  symptoms. 

Tetanus  bacilli,  after  a  wound,  may  remain  latent  in  the  tissues  for 
months,  or  even  years,  until  a  subsequent  operative  intervention,  or  a 
fresh  traumatism,  liberates  the  spores  which  have  been  shut  up  in  the 
scar-tissues  or  encysted  around  some  foreign  body,  and  produces  a 
long-delayed  local  tetanus  or  even  a  generalised  tetanus-toxsemia. 

In  generalised  tetanus-toxsemia  all  the  muscles  become  poisoned, 
but  the  motor  nuclei  which  have  the  shortest  motor  nerves  are  reached 
earliest  by  the  toxin  and  thrown  into  a  state  of  intense  excitability. 
Thus  the  jaw,  facial  and  cervical  muscles,  are  usually  the  earliest  to 
show  tetanic  spasms;  later  the  spinal  and  abdominal  muscles;  and  last 
of  all  the  limbs.  Occasional  exceptions  to  this  rule  occur.  The  time 
required  for  the  toxin  to  travel  from  the  end-plates  to  the  motor  nuclei 
constitutes  the  period  of  incubation,  varying  from  a  day  or  two  to 
nearly  three  weeks.  The  longer  the  incubation  period,  the  better  is  the 
prognosis. 

In  generalised  tetanus-toxaemia,  after  a  premonitory  stage  of  general 
nervous  irritability  and  change  of  character,  the  patient  complains 
of  stiffness  of  the  muscles  of  the  neck  or  jaws.  Tonic  spasm  gradually 
supervenes  in  the  affected  muscles,  producing  lockjaw  or  trismus, 
stiffness  of  the  neck,  and  rigid  spasm  of  the  facial  muscles  (risus  sar- 
donicus),  the  angles  of  the  mouth  being  drawn  outwards  and  the  eye- 
brows raised.  Gradually  the  trunk  muscles  become  affected,  pro- 
ducing rigidity  of  the  abdomen  and  spine.  The  muscular  spasm  varies 
in  intensity  from  time  to  time.  During  the  frequent  paroxysms  of 
increased  spasm  there  may  be  opisthotonos,  head  retraction,  and  aggra- 
vation of  the  facial  and  mandibular  spasm.  These  paroxysms  last 
from  a  few  seconds  to  several  minutes,  and  even  in  the  intervals  be- 
tween them  the  muscles  do  not  completely  relax.  The  slightest  stimuli, 
e.g.  touching  the  patient,  loud  noises,  bright  light,  etc.,  precipitate 
the  paroxysms.  Tetanic  muscular  cramps  are  associated  with  intense 
pain.  There  is  no  anaesthesia  nor  true  motor  paralysis.  The  deep 
reflexes  are  increased.  The  patient  sweats  profusely.  His  temperature 
may  be  normal  throughout ;  more  often  there  is  fever,  sometimes  of  a 
high  degree. 

In  fatal  cases  death  may  be  due  to  respiratory  or  laryngeal  spasm, 
to  heart-failure,  or  to  exhaustion.  Sometimes  death  occurs  from 
heart-failure  days  after  the  temperature  has  become  normal  and  the 
spasms  have  ceased.    The  symptoms,  in  cases  of  recovery,   may 
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gradually  subside  in  a  week,  or  the  tetanic  spasticity  may  last  as  long 
as  a  couple  of  months.  Patients  who  survive  ten  days  or  a  fortnight 
from  the  original  onset  of  the  spasms  generally  recover. 

The  condition  has  to  be  distinguished  from  strychnine  poisoning. 
In  tetanus,  between  the  spasms  there  is  not  complete  relaxation  of  the 
affected  muscles ;  they  remain  tonically  contracted,  unlike  strychnine 
poisoning,  in  which  there  are  complete  intermissions,  and  in  which 
there  is  no  muscular  rigidity  between  the  spasms.  Moreover,  in 
strychnine  poisoning  the  fingers  and  hands  are  earliest  affected,  not  the 
jaws  or  face. 

WOUNDS  OF  THE  PERIPHERAL  NERVES 

War-lesions  of  the  peripheral  nerves  are  extremely  common.  For 
example,  Captain  Arthur  Evans  and  myself  had  under  our  personal  ob- 
servation within  a  single  year  exactly  300  cases.     Of  these : 

172  (or  57-3  per  cent.)  were  in  the  nerves  of  the  upper  limbs,  inclusive 
of  brachial  plexus  lesions. 

81  (or  27  per  cent.)  in  the  lower  limbs,  inclusive  of  cauda  equina  lesions. 

42  (or  14  per  cent.)  were  cranial-nerve  palsies. 

The  lesions  produced  by  war-injuries  of  peripheral  nerves  are  of 
various  kinds. 

1.  The  nerve  may  be  completely  divided  by  a  missile  or  by  a 
bayonet  or  sword  wound.  In  such  cases  there  is  immediate  and 
complete  loss  of  function  of  the  nerve,  with  sensory  and  motor  paralysis 
in  the  area  of  distribution  of  the  fibres  below  the  level  of  the  lesion. 
The  paralysed  muscles  imdergo  atrophy.  Atrophic  changes  may  also 
develop  in  the  skin,  hair,  and  nails  within  the  cutaneous  distribution 
of  the  nerve  and  the  bones  of  the  hand  or  foot  undergo  partial  decalci- 
fication. This  can  be  demonstrated  by  taking  radiograms  and  compar- 
ing the  affected  with  the  unaffected  limb.  The  symptoms  remain 
stationary,  and  show  no  tendency  to  improve,  despite  assiduous  treat- 
ment. 

Sometimes  the  severed  ends  of  the  nerve  retract,  leaving  a  gap 
between  the  upper  and  lower  segments,  which  becomes  filled  up  by 
dense  scar-tissue.  In  the  course  of  a  few  weeks  a  bulbous  swelling,  or 
false  neuroma,  forms  on  the  stump  of  the  proximal  segment  of  the 
divided  nerve,  whilst  the  distal  segment  of  the  nerve,  the  part  below 
the  level  of  the  lesion,  becomes  thin  and  wasted.  Partial  regeneration 
of  nerve-fibres  may  subsequently  occur  in  this  un-united  distal  segment, 
but  regeneration  of  this  sort  is  imperfect,  and,  so  long  as  the  nerve- 
fibres  of  the  proximal  segment  have  not  been  united  to  those  of  the 
distal  segment  by  operation,  it  remains  incomplete.  Meanwhile  the 
sensory,  motor,  and  trophic  phenomena  in  the  paralysed  parts  remain 
as  before. 
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The  toUowing  is  an  example  of  total  division  of  the  ulnar  nerve 
above  the  wrist : — 

A  soldier,  aged  twenty-one,  when  disanning  a  party  of  German 
prisoners,  was  shot  by  one  of  them  at  point-blank  range.  He  sustained 
a  large  lacerated  wound  in  the  lower  third  of  the  left  forearm  at  its  ulnar 
edge.  A  radiogram  showed  that  about  an  inch  of  the  ulna  was  missing 
close  above  the  head  of  the  bone.  The  lowest  part  of  the  ulna,  however, 
together  with  the  wrist-joint,  remained  uninjured.  Ever  since  the  injury, 
the  patient  had  noticed  weakness  and  loss  of  feeling  in  the  hand. 

When  examined  six  months  later,  the  original  wound  of  the  forearm 
was  soundly  healed.  There  was  anaesthesia  of  one-and-a-half  ulnar  fingers 
and  of  the  corresponding  portion  of  the  hand,  front  and  back.  The  area 
of  cotton-wool  loss  was  slightly  more  extensive  than  that  to  pin-pricks  or 
to  deep  pressure.     Joint-sense  was  lost  in  the  two  ulnar  fingers. 


Fio.  275. — Complete  division  of  the  left  ulnar  nerve  above  the  wrist. 

The  hand  was  in  the  characteristic  claw-hand  position,  with  inability 
to  extend  the  inter-phalangeal  joints.  The  fingers  were  semi-flexed,  most 
markedly  the  two  ulnar  fingers,  whilst  there  was  slight  hyper-extension 
of  the  metacarpo-phalangeal  joints  (see  Fig.  275).  The  long  flexors  and 
extensors  of  the  fingers,  however,  still  contracted  voluntarily.  Abduction 
and  opposition  of  the  thumb  were  normal,  since  the  thenar  muscles,  innerv- 
ated by  the  median  nerve,  were  unaffected.  The  interossei  and  hypo- 
thenar  muscles  were  wasted  and  paralysed,  so  that  spreading  out  the  fingers 
was  impossible  (Fig.  275). 

There  was  a  small  trophic  blister  on  the  dorsum  of  the  little  finger, 
over  its  proximal  inter-phalangeal  joint.  The  hand  sweated  excessively 
on  the  palm,  except  in  the  ulnar  area,  which  remained  dry. 

2.  The  nerve  may  be  partially  divided.  In  such  cases  the  symptoms 
of  paralysis  are  partial,  corresponding  to  the  particular  fibres  which 
have  been  divided.  Here  also  a  neuroma  forms  on  the  partially  divided 
nerve,  at  the  side  corresponding  to  the  severed  portion.    The  distal 
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fibres,  in  this  case,  being  attached  laterally  to  the  uninjured  part  of  the 
nerve-trunk,  cannot  retract.  The  histological  changes,  however, 
consisting  of  degeneration  followed  by  regeneration,  are  the  same  as 
in  a  divided  nerve. 

In  cases  of  partial  division,  especially  of  the  median  and  internal 
popliteal  nerves,  burning  pain  (thermalgia)  is  a  common  symptom.  It 
is  referred  to  the  corresponding  area,  usually  of  the  palm  or  sole,  and  is 
sometimes  of  great  intensity.  Hypertrophic  changes  in  the  skin,  hair, 
and  nails  are  not  uncommon.  Hyperkeratosis,  or  excessive  growth  of 
epithelium,  is  occasionally  a  marked  feature  (see  Fig.  277).  In  some 
cases  there  is  excessive  sweating,  and  in  others  excessive  dryness,  of 
the  area  of  skin  supplied  by  the  partially  divided  nerve  (see  p.  291),  de- 
pending on  whether  the  arteries  innervated  by  the  affected  nerves  are  in 
a  state  of  vaso-dilatation,  or  later,  undergoing  narrowing  from  end- 
arteritis. 

The  following  is  an  example  of  partial  division  of  the  median  nerve 
in  the  lower  part  of  the  forearm : — ■ 

A  sergeant-major,  aged  thirty-eight,  was  wounded  in  the  right  fore- 
arm at  a  range  of  about  twenty  yards.  The  entry  wound  was  two-and- 
a  half  inches  above  the  styloid  process  of  the  radius,  the  exit  was  three 
inches  above  the  styloid  process  of  the  ulna,  both 
wounds  being  on  the  flexor  aspect  of  the  forearm.  The 
bones  were  not  fractured. 

Ever  since  the  injury,  the  patient  observed  de- 
ficiency of  sensation  on  the  front  and  back  of  the 
thumb,  index,  and  niedius,  and  in  the  corresponding 
portion  of  the  palm.  He  also  had  difficulty  in  com- 
pletely flexing  the  index  and  medius. 

Four  weeks  after  the  injury  he  began  to  have  severe 
pain  in  the  thumb  and  thenar  region,  also  in  the  index; 
the  pain  was  constant  and  burning  in  character, 
aggravated  by  moisture,  e.g.  on  washing  the  hands. 

On  examination,  thirty  days  after  the  injury,  the 
scars  of  the  entry  and  exit  wounds  were  as  above 
described.     Deep   pressure  in  the  forearm,  midway 
between  the  wounds,  caused  a  thrill  to  be  felt  in  the  ^^^i^^'j^^^rof iLTrnt 
thumb,  index,  and  medius.     To  pin- pricks  and  cotton-      ^jj,^  nerve  in  the  lower 
wool  touches  there  was  loss  of  sensation  on  the  palmar     part  of  the  forearm, 
aspect  in  the  thumb,  index,   and   medius,   and  in 
the  corresponding  portion  of  the  palm.     On  the  dorsal  aspect  there  was 
antesthesia  of  the  same  three  digits  up  to  the  metacarpo-phalangeal  joints 
(see  Fig.  276).     Joint-sense  was  normal  in    all   the  digits.     There  was 
astereognosis  in  the  anaisthetic  fingers,  as  tested  by  a  chain  and  a  coin; 
witli  the  two  ulnar  fingers  stereognosis  was  perfect. 

Flexion  of  all  the  digits  was  possible,  but  distinctly  weaker  in  the 
index  and  medius  than  in  the  thumb,  ring,  or  little  finger.  The  thumb 
movements  could  be  freely  executed  in  all  directions,  although  the  thenar 
muscles  were  flabbv.     The  interossei  were  normal. 

To  faradism  all' the  muscles  of  the  forearm  and  hand  reacted  briskly. 

33 
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As  an  example  of  hyperkeratosis  from  a  partial  nerve  lesion  the 
following  case  of  punctured  wound  of  the  ulnar  nerve  may  be  taken : — 

The  patient,  aged  twenty,  during  a  voyage  on  board  a  transport  in  the 
Mediterranean,  was  carrying  an  empty  soda-watir  bottle  when  tlie  ship 
suddenly  gave  a  violent  roll.  -  He  felJ,  the  bottle  broke,  and  a  fragment  of 
glass  penetrated  the  palm  of  his  left  hand  between  the  thenar  eminence  and 
the  pisiform  bone.  Ever  since  the  injury  he  had  been  unable  to  extend 
the  inter-phalaugeal  joints  of  the  two  ulnar  lingers,  and  noticed  deficient 
sensation  in  the  ulnar  area  of  the  hand.  •  . 

When  examined  two  months  later, 
there  w'as  total  anaesthesia  to  cotton- 
wool and  pin-pricks  in  the  front  of 
bne-and-a-half  ulnar  fingers  and  the 
corresponding  portion  of  the  palm  (see 
Fig.  278).  The  dorsum  was  anpesthetic 
only  over  the  fifth  metacarpal  bone 
(the  dorsal  cutaneous  branch  of  the 
nerve  having  been  given  ojff  above  the 
level  of  the  lesion).  Joint-sense  was 
lost  in  the  little  finger. 


Fin.    277. — Hyperkeratosis    of   palm 
from  partial  ulnar  nerve  lesion. 


I'lo.  278.— ^Area  of  aosesthcHia  in  tlic 
case  of  ulnar  palsy  shown  in  Fig.  277. 


There  was  a  slight  claw-hand,  the  two  ulnar  fingers  being  habituiilly 
semi-flexed  at  the  inter-phalangeal  joints  and  slightly  hyper-extend<'d 
at  the  metacarpo- phalangeal  joints.  There  was  moderatt?  wasting  of  all 
the  interossei.  The  thumb  movements  were  normal.  He  could  feebly 
spread  out  the  index  and  little  fingers,  but  not  the  middle  or  ring  finger. 
Extension  of  the  inter-j)lialangeal  joints  of  the  fingers  was  impossible. 
To  faradism  the  thenar  muscles  all  reacted  nonually,  whereas  there  was 
no  reaction  in  the  interossei.  There  was  marked  hyperkeratosis  of  the 
ulnar  side  of  the  palm  and  two  ulnar  fingers,  also  extending  slightly,  in  a 
patchy  fashion,  along  the  outer  side  of  the  palm  (see  Fig.  277). 

3.  The  nerve  may  be  contused,  and  thus  "  physiologically  "  inter- 
ruptetl,  without  bring  anatomically  divided.  Blood  is  oxtravasatcd 
within  and  aroimd  the  unsevcrcd  norve-sheath,  compressing  the  nerve- 
fibres  within,  and  causing  pain  referred  to  the  cutaneous  territory  of 
the  nerve.  In  severe  contusion  the  nerve-fibres  undergo  degeneration, 
just  as  if  they  had  been  divided  by  a  cutting  or  lacerating  force,  and  it 
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may  be  difficult  or  impossible  on  clinical  evidence  alone  to  decide 
whether  there  is  anatomical  severance  in  addition  to  physiological  inter- 
ruption. Later,  as  the  blood  becomes  absorbed,  a  dense  fibrous  scar 
may  form  within  and  around  the  nerve,  maintaining  the  irritation  and 
pain.  Spontaneous  regeneration  of  the  nerve  is  sometimes  impossible. 
In  less  severe  cases,  however,  spontaneous  recovery  occurs  within  a  few 
days  or  weeks,  without  the  nerve-fibres  having  undergone  degeneration. 
The  preservation  of  normal  electrical  reactions,  together  with  rapid 
recovery  from  initial  anaesthesia, 
are  indications  that  the  lesion  is 
likely  to  recover  spontaneously. 
The  following  is  an  illustra- 
tive example  of  contusion  of  the 
musculo-spiral  nerve : — 

The  patient,  aged  twenty-two, 
was  wounded  by  a  bullet  which 
travoi-sed  the  left  upper  arm, 
entering  through  the  middle  of  the 
tricejjs  and  emerging  at  the  outer 
side  of  the  biceps  about  two  inches 
higher  up.  The  bullet-track  thut: 
crossed  the  limb  at  right  angles 
to  the  musculo-spiral  groove  (see 
Fig.  279).  The  humerus  was 
not  fractured.  Drop- wrist  imme- 
diately supervened,  together  with 
a  subjective  sensation  of  discom- 
fort referred  to  the  dorsiun  of  the 
hand  at  the  radial  side. 

On  examination  seven  days 
after  the  injury,  there  was  slight 
comparative  blunting  to  cotton-wool  touches  and  pin-pricks  on  the  radial 
side  of  the  hand  and  lingers,  too  indefinite  to  be  charted.  Joint-sense 
was  normal  in  all  the  digits.  There  was  drop-wrist,  with  total  paralysis 
of  the  extensors  of  the  fingers,  wrist,  and  thumb,  also  of  the  supinator 
longus.  All  the  other  muscles  of  the  limb  contracted  normally.  To 
faradism  all  the  muscles  reacted  briskly,  including  the  paralysed  muscles. 

The  hand  was  placed  on  a  dorsiflexion-splint,  and  within  a  week  the 
motor  paralysis  disappeared. 

The  next  case  is  a  still  slighter  example  of  contusion  of  the  musculo- 
spiral  : — 

A  soldier,  aged  twenty-six,  was  wounded  by  a  small  fragment  of  shell 
w  hich  entered  the  left  arm  an  inch  above,  and  half  an  inch  in  front  of,  the 
external  condyle.  There  was  no  wound  of  exit,  but  the  metallic  fragment 
could  be  felt  subcutaneously,  half  an  inch  higher  up  the  limb,  internal  to 
the  inner  edge  of  the  biceps. 

Immediately  after  he  was  wounded  the  wrist  dropped,  and  this  wnst- 


FiG.  279.  —  BuUet-wuuiid  vi  uiuauulu-.^piral 
nerve,  showing  entrance  and  exit  wound, 
together  with  the  resulting  drop-wrist. 
(The  dark  line  crossing  the  picture  above 
the  level  of  the  wound  is  the  shadow  of  a 
vertical  bar  behind  the  patient.)' 
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drop  was  still  complete  when  he  came  under  observation  eight  days  later. 
Ever  since  the  injury  he  had  complained  of  a  constant  subjective  pain  on 
the  dorsal  aspect  of  the  metacarpo-phalangeal  joint  of  the  index  finger, 
spreading  round  the  web  of  the  thumb  to  the  dorsum  of  the  tenninal 
phalanx  of  the  thumb.  This  pain  was  of  a  scalding  character,  aggravated 
by  light  touches  of  the  part,  and  also  by  coughing  or  sneezing.  It  was 
somewhat  relieved  by  warmth.     Washing  in  cold  water  aggravated  the 

pain. 

Five  weeks  after  the  injury,  no  cutaneous  anaesthesia  or  analgesia 
could  be  detected  on  careful  testing.  The  motor  paralysis  had  completely 
cleared  up,  and  all  the  muscles  reacted  normally. 

The  following  is  a  good  example  of  contusion  of  the  popliteal  nerves 
and  vessels,  without  any  external  wound  whatever  :— 

A  gunner,  aged  twenty-seven,  when  standing 
beside  his  gun,  was  struck  at  the  back  of  the 
right  knee  by  a  large,  smooth  fragment  of  pre- 
maturely exploded  shell  fired  from  a  howitzer- 
battery  a  quarter  of  a  mile  to  his  rear.  No 
cutaneous  wound  or  abrasion  was  produced.  He 
was  knocked  down  by  the  blow,  and,  on  trying  to 
get  up,  found  he  could  not  stand.  The  right  leg 
immediately  began  to  swell  from  the  knee  down- 
wards, and  he  had  aching,  burning  pain  in  the 
foot  and  leg. 

When  admitted  to  hospital,  eight  days  later, 
there  was  much  oedema  of  the  right  leg  and  foot. 
Nevertheless  the  posterior  tibial  artery  could  be 
felt  pulsating  behind  the  internal  malleolus.     The 
oedema  lasted  for  nearly  four  weeks.     When  it 
subsided,    the  patient  found  himself  unable  to 
dorsiflex  the  right  ankle. 
^•J        On  examination,  five  weeks  after  the  injury, 
It    1    erves  of  *  niass  of  deep-seated  induration  could  be  felt 
right    lower   limb,  in  the  popliteal  space  behind  the  head  of  the  right 
fibula.     It   was  not  pulsatile.     To  cotton-wool 
touches  there  was  anaesthesia  of  the  right  foot 
and  leg,  except  at  its  inner  side,  front  and  back 
(see  Fig.  280).     Pressure  pain  was  not  felt  in  the  anaesthetic  area.     To  pin- 
pricks the  area  of  loss  was  less  extensive  than  that  to  cotton- wool.     Joint- 
sense  was  normal. 

The  patient  could  invert,  evert,  and  extend  the  ankle,  but  was  unable 
to  dorsiflex  the  ankle  or  make  any  voluntary  movement  of  the  toes.  The 
knee-jerks  and  ankle-jerks  were  brisk  and  equal.  Both  plantar  reflexes  were 
present,  flexor  in  type,  despite  the  apparent  paralysis  of  the  right  toes. 

To  faradism  there  was  no  reaction  in  the  peronei,  tibialis  anticus,  or  ex- 
tensors of  the  right  toes.  All  the  other  muscles  of  the  leg  and  foot,  including 
the  long  flexors  of  the  toes,  reacted  normally. 

Five  weeks  later,  anaesthesia  had  disappeared  from  the  territory  of 
the  internal  popliteal,  and  was  now  confined  to  the  dorsum  and  outer  side 
of  the  foot  and  leg.  Voluntary  flexion  of  the  toes  had  recovered,  whilst 
feeble  extension  of  the  toes  was  just  beginning. 


Fio.  280.  —  Anaesthesia 
a   case  of   contusion 
the 
the 

without    any     external 
wound. 
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4.  The  nerve  may  be  "  concussed,"  i.e.  it  undergoes  a  sudden 
molecular  change  whereby  temporary  paralysis  occurs,  both  of  its 
sensory  and  motor  functions.  Nevertheless  its  nerve-fibres  are  un- 
divided, and  within  a  short  time  complete  restitution  of  function  sets  in, 
sometimes  within  a  few  hours,  in  other  cases  only  after  several  days. 

5.  The  nerve  may  undergo  gradual  compression,  e.g.  by  a  tourni- 
quet, or  by  disphieed  bony  fragments,  or  by  the  formation  of  callus 
around  a  healing  fracture.  In  such  cases  recovery  cannot  be  expected 
until  the  compression  is  relieved.  The  area  of  cutaneous  analgesia  to 
pin-pricks  is  usually  more  extensive  in  these  cases  than  the  area  of 
cotton-wool  loss  (see  p.  200). 

The  following  is  an  illustrative  example : — 

A  soldier,  aged  thirty,  was  hit  in  the  region  of  the  right  shoulder  by 
a  bullet  which  entered  two-and-a-quarter  inches  below  the  tip  of  the  acro- 
mion i)rocess.  There  was  no  wound  of  exit,  but  a  metallic  fragment  could 
be  felt  under  the  skin  at  the  back  of  the  arm,  three  inches  above  the  ole- 
cranon process.  The  humerus  was  fractured.  The  patient's  arm  dropped 
powerless  at  the  moment  of  injury,  and  the  wrist  is  said  to  have  dropped 
at  the  same  time. 

When  examined,  two-and-a-half  months  later,  the  fracture  had  be- 
come firmly  united,  and  there  was  a  mass  of  callus  easily  felt  in  the  region 
of  the  musculo-spiral  groove.  To  pin-pricks  there  was  an  area  of  analgesia 
of  the  dorsum  of  the  hand  and  of  the  3J  radial  digits,  except  on  their 
terminal  phalanges.  Joint-sense  was  everywhere  normal.  There  was 
paralysis  and  loss  of  faradic  excitability  in  the  supinator  longus  and  in  the 
extensors  of  the  wrist,  thumb,  and  fingers.  All  other  muscles  of  the  arni, 
forearm,  and  hand  were  normal. 

On  exposing  the  musculo-spiral  nerve  in  the  upper  arm,  it  was  found 
embedded  in  bony  callus  and  fibrous  tissue.  The  nerve-trunk  had  not  been 
divided.  At  one  point,  however,  there  was  a  well-marked  stricture'  of 
fibrous  tissue,  strangling  the  nerve.  The  callus  was  chiselled  away,  the 
nerve  was  freed  from  its  bony  groove,  the  fibrous  constriction  was  dissected 
off,  and  a  small  portion  of  triceps  muscle  was  fixed  between  the  nerve-trunk 
and  the  bone,  to  prevent  future  implication  by  fresh  bony  callus. 

6.  The  nerve  may  be  stretched  or  even  ruptured  by  a  powerful 
tearing  force,  applied  at  a  distance  from  the  actual  point  which  gives 
way.  This  sort  of  injury  may  result  from  a  sudden  wrt.ich,  as  when  a 
soldier  is  hurled  against  a  stony  surface  by  a  shell-explosion,  landing 
on  the  top  of  his  shoulder  and  lacerating  some  of  the  roots  of  the  brachial 
plexus.  Less  frequently  similar  laceration  of  nerve-fibres  may  occur 
as  a  result  of  sudden  muscular  exertion.  The  following  is  an  illustrative 
case: — 

A  soldier,  aged  twenty-five,  a  man  of  powerful  physique,  a  blaclgsmith 
in  civil  life,  was  engaged  one  day  in  pier-building  on  the  Gallipoli  Peninsula, 
when,  during  an  effort  to  raise  a  heavy  stone,  he  felt  a  sudden  pain  above 
the  right  scapula,  and  immediately  had  difficulty  in  raising  his  right  upper 
limb  above  his  head.    This  weakness  increased  and  attained  its  maximum 


518 


NERVOUS  DISEASES 


within  a  couple  of  days.  A  moderate  degree  of  pain  also  persisted  around 
the  right  shoulder  region. 

When  examined  a  month  later,  he  had  isolated  paralysis  of  the  right 
trapezius,  except  in  its  uppermost,  claviculo-acromial,  fil)ros  (whicli  are 
supplied  exclusively  by  the  spinal  accessory  propor).  The  middle  and 
lower  fibres  (innervated  by  the  3rd  and  4th  cervical  roo^g,  which  help  to  form 
the  sub-trapezial  plexus)  were  completely  paralysed  and  inactive  to  fara- 
dism.  All  the  other  muscles  of  the  shoulder-girdle,  and  the  serratus 
magnus  in  particular,  contracted  normally  and  gave  brisk  responses  to 
faradism.  There  was  an  area  of  analgesia  to  pin-pricks  at  and  below  the 
tip  of  the  right  shoulder,  corresponding  to  the  territory  of  the  4th  cervical 
nerve. 

The  scapula  showed  the  typical  posture  of  trapezius  paralysis,  being 
displaced  ^outwards  and  downwards  en  mosse,  and  also  rotated,  so  that 
its  lower  angle  was  tilted  inward?.     Together  with  this  there  was  marked 


Fra.  281. — Paralysis  of  third  and  fourth  cervical  nerves  of  right  sub-irapczial  plexus, 
showing  winging  of  scapula  from  trapezius  palsy.  The  area  of  sensory  loss  at 
the  tip  of  the  shoulder  is  also  indicated. 

winging  of  the  scapula  on  raising  the  arm  horizontally  in  front  of  the  trunk 
(see  Fig.  281).  At  the  beginning  of  this  movement,  if  observed  from  the 
front,  the  tip  of  the  right  scapiUa  could  be  seen  displaced  upwards  liy  the 
unopposed  action  of  the  levator  anguli  scapula;,  no  longer  antagonised  by 
the  lower  fibres  of  the  trapezius.  * 

In  this  case  the  lesion  is  obviously  one  of  the  sub-trapezial  plexus, 
of  which  the  3rd  and  4th  cervical  nerves  have  become  completely  paralysed, 
the  spinal  accessory  proper,  or  at  least  those  of  its  fibres  which  innervate 
the  uppermost  fibres  of  the  trapezius,  having  escaped. 

7.  The  nerve  may  become  inflamed.  This  form  of  interstitial 
neuritis  is  occasionally  due  to  septic  infection  of  the  wound.  It  may 
also  occur,  however,  without  obvious  signs  of  infection,  e.g.  owing  to 
the  nerve  becoming  entangled  in  calliLs  or  scar-tissue.  A  complica- 
tion of  tliis  sort  retards  all  the  processes  of  repair  or  regeneration,  no 
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matter  how  mild  the  infection  may  be.  In  such  cases  of  neuritis,  in 
addition  to  the  signs  of  a  nerve-lesion,  whether  complete  or,  more  often, 
incomplete,  pain  is  a  specially  prominent  feature.  The  pain  of  trau- 
matic neuritis  is  usually  continuous  and  intense.  It  is  referred  to  the 
sensory  distribution  of  the  nerve,  usually  in  the  palm  or  sole,  and  is 
accompanied  by  marked  cutaneous  hypereesthesia  and  by  tenderness 
along  the  course  of  the  nerve-trunk  at  and  below  the  site  of  injury. 
The  pain  is  of  a  burning  character  (thermalgia  or  causalgia).  It  is 
aggravated  by  dryness  and  heat,  by  light  cutaneous  stimuli,  and  even 
by  sneezing  or  coughing,  by  emotion,  or  by  any  sudden  movement  of 
the  body  which  causes  a  temporary  rise  in  blood-pressure.  It  is  some- 
what relieved  by  cold  and  moist  applications,  and  the  patient  tends 
spontaneously  to  keep  his  affected  hand  or  foot  swathed  in  moist 
bandages.  Pain  of  this  sort  is  specially  coimnon  in  wounds  of  the 
median  and  sciatic  nerves. 

The  pain  of  a  traumatic  neuritis,  in  aseptic  cases,  sets  in  some  ten 
days  or  a  fortnight  after  the  original  wound.  In  septic  neuritis  pain 
may  begin  earlier  than  this.  It  gradually  increases  in  intensity,  and 
for  several  weeks  remains  at  its  maximum.  Then  it  slowly  diminishes 
and  spontaneously  disappears  in  the  course  of  months.  The  natural 
course  of  these  cases  is  important  to  bear  in  mind,  since  surgical 
intervention  is  unavailing,  and  relief  must  be  sought  from  electrical, 
medicinal,  or  physical  remedies,  e.g.  injection  of  alcohol  into  the  nerve- 
trunk  above  the  level  of  the  original  injury. 

Clinically,  these  various  classes  of  nerve-lesions  are  not  always 
clearly  marked  off,' one  frOm  the  other.  Although  it  is  usually  easy 
to  say  that  a  particular  nerve  has  not  been  damaged,  it  is  sometimes 
difficult,  in  the  case  of  a  paralysed  nerve,  to  decide  whether  the  lesion  is 
an  actual  severance  or  only  a  contusion.  Each  case  must  be  considered 
on  its  own  merits. 

In  every  case  of  motor  paralysis  from  a  peripheral  nerve-lesion 
the  electrical  reactions  (at  a  date  not  sooner  than  ten  days  after  the 
original  injury)  should  be  carefully  observed.  The  presence  or  absence 
of  R.D.  will  have  important  significance,  both  in  diagnosis  and  in 
prognosis.  It  is  worth  remembering  that  we  may  sometimes  have 
electrical  changes  in  muscles  which  are  functionally  active.  In  para- 
lysed nmscles  which  have  lost  their  faradic  response  voluntary  power 
usually  reappears  earlier  thanfaradic  excitability. 

Cranial-Nerve  Injuries. — Notwithstanding  the  great  frequency 
of  head-wounds,  especially  in  trench  warfare,  cranial-nerve  palsies  are 
relatively  less  common  than  injuries  of  the  spinal  nerves.     For  every 
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case  of  cranial-nerve  paralysis  we  meet  with  two  cases  of  lesion  of  the 
nerves  of  the  lower  limbs  and  four  cases  of  injury  to  the  brachial  plexus 
and  its  branches.  This  is  easily  understood.  Most  wounds  which 
traverse  the  base  of  the  skull  are  fatal,  and  only  a  small  proportion  of 
such  patients  survive  to  show  cranial-nerve  paralysis'.  In  those  which 
do  survive,  the  lesion  is  almost  always  extra-cranial,  e.g.  from  wounds 
of  the  orbit,  face,  mastoid  region,  or  upper  part  of  the  neck. 

The  cranial  nerve  most  frequently  injured  is  the  facial.  Next  in 
frequency,  as  seats  of  single  nerve-lesions,  come  the  trigeminal  nerve 
and  the  spinal  accessory.  But  it  is  a  common  occurrence  for  more  than 
one  nerve  to  be  implicated  in  the  same  wound. 

The  symptomatology  of  individual  cranial-nerve  palsies  is  familiar, 
and  has  already  been  discussed  in  Chapters  IX  and  X.    It  may  be 


Figs.  282    and    282a. — Eadiograms    showing   bullet   in   outer    wall    of    left    orbit, 
producing  ocular  paralysis,  proptosis,  and  chemosis. 

useful,  however,  to  mention  a  few  illustrative  examples  of  multiple 
cranial-nerve  injuries. 

Bullet-wound  of  orbit,  with  paralysis  of  ocular  nerves  and  caver- 
nous sinus  syndrome : — 

A  soldier,  aged  twenty,  was  wounded  by  a  rifle-bullet  which  entered 
the  right  side  of  the  face  half-an-inch  below  and  internal  to  the  malar 
eminence.  There  was  no  wound  of  exit.  The  patient  felt  nothing  wrong 
until  two  days  later,  when  the  left  eyelids  swelled  up  {i.e.  on  the  opposite 
side  from  the  entry  wound),  so  that  he  could  no  longer  see  with  that  eye. 

When  examined  nine  days  after  the  injury,  there  was  still  marked 
oedema  of  the  left  upper  lid,  together  with  chemosis  of  the  left  conjunctiva 
and  some  sub-conjunctival  hspraorrhage.  The  left  eye  was  markedly 
proptosed,  and  its  movements  upwards,  outwards,  and  inwards  were  re- 
stricted. Downward  movement  was  good.  There  was  diplopia  in  all 
positions  of  the  eyes.  The  optic  discs  were  nonrial.  The  pupils  were 
equal  and  normal.     The  right  eye  was  normal  in  all  respects. 
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Radiograms  (Figs.  282  and  282a)  showed  a  bullet  in  the  posterior 
part  of  the  left  orbit,  close  to  its  outer  wall.  It  was  subsequently  success- 
fully extracted  through  an  incision  in  the  temporal  fossa,  after  removal 
of  the  outer  wall  of.  the  orbit. 

Combined  lesion  of  trigeminal  and  facial : — 

Fig.  283  shows  a  trooper  who  was  struck  by  a  fragment  of  shell,  which 
entered  behind  the  right  pinna,  immediately  in  front  of  the  tip  of  the 
mastoid  process,  emerging  close  behind  the  right  ala  nasi. 

When  examined  eight  days  after  the  injury,  there  was  some  ecchymosis 
under  the  right  conjunctiva,  below  and  to  the  outer  side  of  the  iris.  There' 
was  an  area  of  anaesthesia  to  cotton-wool  touches  and  pin-pricks  on  the 


Fig.  283. — Wound  of  right  upper  facial  nerve  and  of  right  infra-orbital  nerve. 
The  arrow  indicates  the  direction  of  the  entry  wound.  The  patient  is  look- 
ing upwards  to  display  a  subconjunctival  hjemorrhage  in  the  out^r  part  of  the 
right  eye. 

right  cheek,  and  part  of  the  right  upper  lip.  There  was  no  anaesthesia  of 
the  roof  of  the  mouth,  upper  gum,  or  inner  surface  of  lip.  The  masseters 
and  temporals  were  powerful  on  both  sides.  The  right  facial  muscles  were 
distinctly  weaker  than  the  left,  especially  the  frontalis  muscle.  This  weak- 
ness was  well  seen  when  the  patient  looked  upwards  and  wrinkled  the  fore- 
head. The  lower  facial  muscles  were  but  slightly  affected.  All  the  other 
cranial  nerves  were  normal.  To  faradism  there  was  slight  diminution  of 
excitability  in  the  right  facial  muscles. 

The  next  case  is  one  of  combined  lesion  of  the  facial  and  of  the  palatal 
branch  of  the  vagus : — 

This  patient,  aged  nineteen,  was  wounded  by  a  shrapnel-bullet  which 
entered  through  the  tip  of  the  right  mastoid  process.     He  states  that  the 
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bullet  rolled  out  of  his  mouth.    He  did  not  become  unconscious.    His 
face  at  once  became  twisted  (see  Fig.  284). 

When  examined  nine  days  after  the  injury,  there  was  total  right- 
sided  facial  paralysis,  upper  and  lower,  with  complete*  loss  of  faradic  ex- 
citability in  the  affected  muscles.  Taste  was  unaffected.  Hearing  was 
also  intact,  both  to  aerial  and  bony  conduction.    On  phonation  the  palate 

was  pulled  upwards  and  to  the  left, 
and  a  shallow  exit- wound  was  seen  just 
to  the  left  side  of  the  base  of  the  uvula. 
The  right  pinna  projected  abnormally 
from  the  side  of  the  head,  owing  to 
swelling  of  the  tissues  around  the  wound 
of  entrance. 

The  following  case  is  one  of 
liypoglossal  and  cervical  sympathetic 
paralysis,  with  transient  paresis  of 
the  facial : — 

A  soldier,  aged  twenty-three,  was 
wounded  at  Suvla  by  a  bullet  which 
entered  through  the  left  parotid  region, 
an  inch  above  and  in  front  of  the  angle 
of  the  jaw.  There  was  no  exit-wound, 
but  the  bullet-track  evidently  passed 
downwards  and  inwards. 

When  examined  ten  days  later,  there 
was  paralysis  of  the  left  side  of  the 
tongue,  which,  when  protruded,  de- 
viated markedly  to  the  left  in  a  characteristic  sickle-shaped  fashion.  There 
was  also  weakness  of  the  left  face,  complete  in  the  lower,  partial  in  the 
upper  muscles.  To  faradism  there  was  loss  of  reaction  in  the  whole  of  the 
left  facial  muscles  and  in  the  left  half  of  the  tongue.  The  parotid  gland  in 
the  region  of  the  entry-wound  was  swollen.  The  facial  weakness  rapidly 
cleared  up,  but  the  hypoglossal  paralysis  persisted,  and  in  a  few  days  it 
became  evident  that  the  cervical  sympathetic  had  been  damaged,  as  evi- 
denced by  the  presence  of  pseudo- ptosis,  enophthalmos,  narrowing  of  the 
palpebral  fissure,  and  contraction  of  the  left  pupil  (see  Fig.  285).  The 
parotid  swelling  stUl  persisted,  and  it  was  possible  to  express  saliva  through 
the  wound. 

Injuries  of  the  Brachial  Plexus  and  of  its  Branches. — More  than 
half  of  all  the  cases  of  peripheral-nerve  injuries  in  war  belong  to  this 
group. 

The  brachial  plexus  is  constituted  by  the  anterior  primary  divisions 
of  the  four  lowest  cervical  roots  (the  5th,  6th,  7th,  and  8th),  together 
with  the  1st  thoracic  root  (see  Fig.  286).  It  is  unnecessary  here  to 
recapitulate  the  anatomy  of  the  plexus,  the  details  of  which  should  be 
familiar  to  every  student  of  neurology. 

From  the  clinical  standpoint,  it  is  convenient  to  consider  brachial 
plexus  injuries  in  three  classes: — 


Fio.  284. — Right-sided  facial  palsy 
from  a  bullet-wound  entering 
through  the  right  temporal  bone 
and  emerging  through  the 
mouth.  The  right  side  of  the 
palate  yf&a  also  paralysed. 
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1.  Lesions  above  the  davicle,  affecting  the  nerve- trunks  (upper, 
middle,  or  lower),  or  the  nerve-roots  from  which  these  nerve-trunks 
are  derived.  In  this  class  of  case  the  signs  and  symptoms,  both  motor 
and  sensory,  tend  to  be  distributed  in  a  radicular  fashion. 

2.  Lesions  lower  down,  in  the  recjion  of  the  axillary  vessels,  where  the 
cords  of  the  brachial  plexus  (inner,  outer,  and  posterior)  surround  the 
axillary  artery.  In  such  cases. the  wound  of  the  plexus  commonly 
damages  the  great  vessels  at  the  same  time. 

3.  Lesions  of  the  individual 
nerves  of  the  limb,  after  they 
have  left  the  plexus.  8ome  of 
these  nerves  {e.y.  the  median, 
ulnar,  and  internal  cutaneous) 
accompany  the  brachial  artery 
for  part  of  its  course;  others 
(e.g.  the  musculo-spiral  and 
circumflex)  diverge  from  the 
main  vessels,  and  are  therefore 
less  likely  to  be  complicated 
by  the  occurrence  of  traumatic 
aneurisms. 

Complete  plexus  paralysis 
is  rare;  partial  plexus  lesions 
are  common.  The  following  is 
an  example  of  a  wound  in 
which  the  whole  brachial 
plexus  was  paralysed,  except 
its  oculo-pupillary  fibres:— 
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Fio.  285. — Wound  of  left  parotid  region,  with 
combined  paralysis  of  left  hypoglossal  and 
cervical  sympathetic. 


A  soldier,  aged  twenty,  was  wounded  by  a  bullet  which  entered  im- 
mediately above  the  left  clavicle,  three-and-a-half  inches  from  the  middle 
line.  There  was  no  exit- wound.  A  radiogram  showed  the  bullet  lying  in 
the  left  supra-spinous  fossa.  Immediately  on  being  hit,  the  patient  lost 
power  in  the  left  upper  limb. 

When  examined  two  weeks  after  the  injury,  no  pulsation  could  be 
detected  in  the  axillary,  brachial,  or  radial  artery  on  the  left  side;  neverthe- 
less botji  hands  were  equally  warm.  To  cotton-wool  and  pin-pricks  there 
was  anesthesia  of  the  whole  of  the  upper  limb,  save  for  a  small  strip  along 
the  inner  side  of  the  upper  arm,  corresponding  to  the  area  innervated  by 
the  2nd  thoracic  root  (see  "Fig.  287).  Passive  abduction  of  the  shoulder- 
joint  caused  pain;  all  other  passive  movements  were  unperceived.  Joint- 
sense  and  vibration-sense  were  lost  at  all  parts  of  the  limb,  from  the  shoulder 
downwards.  The  limb  was  flaccid  and  paralysed  at  all  joints.  The 
p?ctorals,  spinati,  latissimus,  and  all  the  muscles  of  the  upper  arm,  forearm, 
and  hand  were  completely  paralysed,  and  gave  no  reaction  to  the  faradic 
battery.     The  pupils  and  ocular  fissures,  however,  were  equal. 
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Suppa-clavicular  lesion  of  plexus,  affecting  5th  cervical  root: — 

A  soldier,  aged  twenty-two,  sustained  multiple  shrapnel-wounds  of 
the  head,  right  shoulder,  and  right  knee.  Of  the  fragments,  one  entered 
half  an  inch  to  the  right  of  the  7th  cervical  spine  and  emerged  through  the 
outer  j)ectoral  region,  two-and-three-quarter  inches  below  the  right  clavicle. 
The  right  uj)i)er  limb  immediately  became  weak  at  the  shoulder  and 
elbow. 

On  examination  ten  days  after  the  injury,  there  was  anaesthesia  to 
pin-pricks  and  cotton- wool  on  the  outer  aspect  of  the  upper  limb,  in  two 
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Fig.  286. — Diagram  of  cervico-brachial  plexus. 

areas  corresponding  to  part  of  the  territory  of  the  5th  cervical  nerve 
(see  Fig.  288).  All  the  muscles  of  the  upper  limb  were  powerful,  with  the 
exception  of  the  deltoid,  biceps,  and  supinator  longus,  which  were  totally 
paralysed.  Nevertheless  the  elbow  could  still  be  feebly  flexed  by  means 
of  the  extensor  carpi  radialis  longior.  The  patient  accomplished  this  by 
previously  strongly  pronating  and  deviating  his  wrist  to  the  ulnar  side, 
80  as  to  give  the  muscle  an  advantage.  To  faradism  there  was  loss  of 
reaction  in  the  deltoid  and  supinator  longus,  wliilst  the  biceps  reacted 
feebly.    All  the  other  muscles  of  the  limb  reacted  briskly. 

A  week  later  the  biceps  had  recovered,  and  there  was  now  some  volun- 
tary contraction  in  the  supinator  longus.  The  deltoid,  however,  was  still 
paralysed  and  the  anaesthesia  was  as  before. 
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Supra-clavicular  lesion  of  plexus,  affecting  Sth  cervical  and  Ist 
thoracic  roots : — 

An  Australian  soldier,  aged  twenty-five,   was  wounded  by  a  bullet 
which  entered  posteriorly,  half  an  inch  to  the  right  side  of  the  middle 


Fia.  287. — Supra-clavicular  wound  of  left  brachial  jjlexus. 

line,  immediately  below  the  tip  of  the  7th  cervical  spine,  and  emerged 
through  the  middle  of  the  left  sterno-mastoid  muscle. 

When  examined  ten  days  after  the  injury,  there  was  an  area  of  total 


Fig.  288. — Supra-clavicular  bullet-wound  of  brachial  plexus, 
implicating  Sth  cervical  root. 

anajsthesia  to  all  forms  of  cutaneous  stimulation  along  the  inner  side  of 
the  left  forearm  and  hand,  including  H  fingers  on  the  palmar  aspect  and 
2^  fingers  on  the  dorsum  (see  Fig.  289).    All  movements  of  the  scapula, 
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shoulder,  elbow,  and  wrist  were  normal.  The  thumb  was  totally  paralysed, 
also  all  the  intrinsic  hand-muscles.  Flexion  of  the  fingers  was  impossible, 
and  extension  was  impaired,  since  only  the  long  extensors  came  into  action, 
unassisted  by  the  interossei.     To  faradism  there  was  no  resj)onse  in  the 


Flu.  289. — isupra-clavicular  bullet-wound  of  left  brachial  plexus,  iuiplicatiug 
8th  cervical  and  Ist  thoracic  roots. 

long  flexors  of  the  thumb  or  fingers,  nor  in  the  thenar,  hypothenar,  or 
lumbrical  muscles,  whilst  all  the  other  muscles  of  the  forearm,  upper-arm 
and  shoulder-girdle  reacted  normally.  There  was  no  difference  between 
the  pupils  or  ocular  fissures  of  the  two  sides. 


Fiu.  2yu. — Wound  of  left  braohiai  iile&uu  and  of  axillary  artery. 

The  following  is  an  oxaiiiplc  of  a  brachial  plcxu-s  lesiou  in  which 
the  axillary  artery  was  wounded  as  well.  The  damage  to  the  plexus 
implicated  chiefly  its  posterior  and  inner  cords.     Owing  to  the  develop- 
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meiit  of  an  axillary  aneurism,  ligation  of  the  axillary  artery  was  subse- 
quently performed.  This  was  followed  by  a  slight  increase  in  the 
extent  of  the  motor  paralysis,  together  with  loss  of  faradic  excitability 
in  nearly  all  the  nmscles  of  the  limb — a  condition  apparently  due  to 
ischaemic  interstitial  myositis  (see  later,  p.  534). 

The  patient,  aged  twenty-eight,  was  wounded  by  a  bullet  which 
entered  through  the  anterior  part  of  the  left  deltoid  and  emerged  four 
inches  to  the  right  side  of  the  8th  thoracic  spine,  traversing  the  left  lung 
en  route.  The  left  upper  limb  at  once  fell  powerless  to  the  side.  When 
admitted  to  hospital  in  Malta,  five  days  later,  there  was  severe  dyspnoea 
owing  to  a  left-sided  hemothorax,  from  which  30  ounces  of  dark  fluid  blood 
were  removed  by  aspiration. 

Twelve  days  after  the  injury  the  dyspnoea  had  cleared  up,  and  it  was 
now  possible  to  examine  the  left  upper  limb.  This  showed  widespread 
aniesthesia,  chiefly  on  its  extensor  aspect,  but  also  in  the  ulnar  distribution 
of  the  hand  (see  Fig.  290).  Joint-sense  was  lost  in  the  little  finger;  all 
other  joints  were  normally  sensitive.  There  was  paralysis  of  the  deltoid 
and  triceps.  The  biceps  was  strong,  and  the  latissimus  dorsi  contracted 
well  on  coughing.  There  was  paralysis  of  the  supinator  longus,  also  of 
the  extensors  of  the  wrist,  thumb,  and  fingers.  The  long  flexors  of  the 
wrist,  fingers,  and  thumb  were  feeble,  but  not  completely  paralysed. 
All  the  intrinsic  muscles  of  the  hand  were  paralysed.  To  faradism  there 
was  loss  of  reaction  in  the  paralysed  deltoid,  triceps,  supinator  longus,  and 
extensors  of  the  wrist,  thumb,  and  fingers,  whilst  the  paralysed  thenar, 
hypothenar,  and  interosseal  muscles  all  reacted  briskly,  as  did  also  the 
other  non-paralysed  muscles  of  the  limb. 

Fifteen  days  after  the  injury,  the  patient  began  to  complain  of  aching 
pain  in  the  limb,  from  the  shoulder  to  the  fingers,  and  on  the  nineteenth 
day  a  diffuse,  tender  swelling  was  found  in  the  upper  part  of  the  left  axilla^ 
in  front  of  the  shoulder- joint.  A  pulsatile  bruit  was  to  be  heard  over  this 
swelling.  Both  radial  pulses,  however,  were  easily  felt,  and  there  was 
little  difference  in  the  blood-pressure  in  the  two  brachial  arteries,  the 
measurement  on  the  left  side  being  130/86  as  compared  with  128/86  upon 
the  healthy  side. 

On  the  twenty-first  day  the  axillary  artery  was  exposed  by  Captain 
Camps,  and  an  aneurism  was  found,  occupying  the  third  part  of  the  axillary 
artery.  There  was  an  abnormally  high  bifurcation  of  the  artery  above 
the  aneurism,  which  might  perhaps  account  for  the  practically  normal 
pulse  below  the  aneurism.  The  vessel  was  ligatured  above  and  below 
the  aneurism  and  the  clot  turned  out.  The  wound  was  septic,  but  with 
suitable  drainage  the  patient  made  a  steady  recovery  from  the  operation. 

Eight  weeks  after  the  operation,  the  area  of  cutaneous  anaesthesia 
was  found  to  be  unchanged,  and  there  was  loss  of  joint-sense  in  the  little 
finger  as  before.  There  was  now  paralysis  of  the  biceps  and  latissimus 
dorsi,  which  prior  to  tho  operation  had  contracted  briskly.  The  paralysis 
of  the  deltoid,  triceps,  extensors  of  the  wrist,  fingers,  and  thumb,  and  of  the 
intrinsic  museles  of  the  hand,  was  complete  as  before,  and  there  was  well- 
mai'kcd  wasting  of  the  interossei.  He  could  still  flex  the  fingers  and  thumb. 
There  was  a  curious  change  in  the  electrical  faradic  reactions.  There  was 
now  no  reaction  in  any  muscle  of  the  upper  limb,  from  the  pectoral  down- 
wards, except  a  feeble  response  in  the  interossei  and  thenar  muscles  and  in 
the  long  flexors  of  the  fingers.     All  the  paralysed  muscles  of  the  upper-arm 
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and  forearm  were  harder  and  tougher  in  consistence  than  normal,  suggesting 
a  condition  of  ischsemic  palsy.  The  pectoral  muscles,  although  not  react 
ing  to  faradism,  contracted  well  voluntarily.     Both  radial  pulses  could  be 


FiQ.  291. — Bullet-wound  of  right  brachial  plexus. 

felt  equally  well.     The  blood-pressure  in  the  left  brachial  artery  measured 
124/84,  as  compared  with  128/80  on  the  right  side. 

The  next  case  is  one  in 
which  the  brachial  plexus 
lesion  was  mainly  of  the 
outer  cord: — 

The  patient,  an  Australian 
saj)por,  aged  twenty-eight,  was 
wounded  by  a  bullet  which 
entered  half  an  inch  below  the 
right  clavicle,  just  internal  to 
the  coracoid  process.  The  exit- 
wound  was  large  and  oblique, 
four  iiK-hes  long,  in  tiie  left 
supra-spinous  fossa,  its  upper 
end  being  an  inch  to  the  left 
of  the  4th  thoracic  spine.  The 
})atient,  when  hit,  felt  his  arm 
drop  powerless  at  once,  with 
the  sensation  as  if  he  had  re- 
ceived a  blow  on  the  back. 
There  was  no  hyemoptysis. 
Within  a  dav  or  two  he  found 


Fio.  2'.)2. — Bullet-wound  of  right  brachial 
plexus.  Although  the  biceps  is  paralysed, 
the  jtatient  can  still  flex  the  right  elbow  by- 
means  of  the  supinator  longus. 


he  could  move  his  shoulder,  but  the  hand  remained  weak  and  the  whole 
limb  remained  numb. 

When  examined   ten   days  after    the   injury,   there   was   widespread 
anjcsthesia  and  analgesia  from  the  shoulder  downwards,  with  the  exception 
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of  the  inner  side  of  the  upper-arm  and  forearm,  and  the  median  and  radial 
territories  of  the  hand  (see  Fig.  291).  Joint-sense  was  lost  in  all  the  digits 
except  the  thumb;  normal  at  the  wrist,  elbow,  and  shoulder.  All  the 
scapular  and  shoulder  muscles  were  powerful,  also  the  triceps  and  extensors 
of  the  wrist,  fingers,  and  thumb.  The  biceps  and  brachialis  anticus  were 
completely  paralysed,  but  the  elbow  could  still  be  fully  flexed  by  the  un- 
paralysed  supinator  longus  (see  Fig.  292).  The  pronators  were  paralysed. 
The  supinators  were  normal.  The  long  flexors  of  the  wrist,  thumb,  and 
fingers  were  paralysed,  together  with  all  the  intrinsic  muscles  of  the  hand. 
The  hand  was  habitually  flexed  at  the  two  ulnar  fingers,  and  lightly  flexed 
at  the  medius  and  index.  To  faradism  there  was  loss  of  reaction  in  the 
intrinsic  hand-muscles,  also  in  the  long  flexors  of  the  fingers,  thumb,  and 
wrist,  and  in  the  pronators.  The  biceps  reacted  feebly;  the  extensors  of 
the  wrist  and  fingers,  together  with  the  triceps,  deltoid,  etc.,  all  reacted 
briskly. 

Injuries  of  the  Cauda  Equina. — The  chief  points  of  clinical  import- 
ance in  the  diagnosis  of  lesions  of  the  cauda  equina  and  conus  medullaris 
have  already  been  referred  to  (see  pp.  229-231  and  Figs.  107  and  108), 
and  it  is  unnecessary  here  to  recapitulate  them.  Immediately  after  the 
injury,  root-pains  and  paralyses  make  their  appearance,  and  in 
almost  every  case  the  sphincters  are 
affected.  War-lesions  of  the  cauda 
are  generally  asymmetrical. 

It  may  be  useful  to  add  one  or 
two  illustrative  examples  of  partial 
lesions,  in  which  the  damage  was 
limited  to  a  few  roots  of  the  cauda. 

The  following  case  is  one  in 
which  the  lesion  was  confined  to  the 
left  haH  of  the  cauda  equina,  from 
the  5th  lumbar  root  downwards :- — 

The  patient,  an  Australian  gunner, 
aged  twenty-five,  was  wounded  by  a 
rifle-bullet  which  entered  half  an  inch 
to  the  left  of  the  4th  lumbar  spine. 
There  was  no  exit-wound,  but  a  radio-  j^,^^    .-g^ 
gram   showed  the  bullet  lying,  point      equina, 
downwards,  to  the  right  of  the  middle     of  5th 
line,   between  the  bodies  of  the  11th     ^i^e. 
and  12th  thoracic  vertebra?. 

When  he  was  struck,  his  legs  gave  way,  he  "stiffened  out"  with 
transient  extensor  spasm,  and  was  unable  to  stand  or  walk.  The  right 
lower  limb  was  never  paralysed,  but  the  left  limb  was  totally  powerless 
at  the  start,  and  he  also  noticed  it  to  be  deficient  in  sensation.  Within 
three  days  motor  power  began  to  reappear  in  the  left  toes.  There  was 
some  delay  in  micturition  at  first,  but  a  catheter  was  never  required. 

When  examined  ten  days  after  the  injury,  there  was  loss  of  sensation 
to  pin-pricks,  and  to  cold  and  heat,  in  the  left  lower  limb,  including  nearly 
all  of  its  posterior  aspect,  the  dorsum  of  the  foot  and  outer  side  of  the  leg, 

34 


—  Unilateral  '.alon  of  cauda 
with  anaesthesia  from  level 
root   downwards,  on  the  left 
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also  the  left  side  of  the  genitals.  The  inner  side  of  the  calf  escaped,  to- 
gether with  part  of  the  sole  of  the  foot.  Joint-sense  was  lost  at  the  left 
toes  and  ankle,  normal  at  the  knee  and  hip.  Cotton-wool  touches  could 
be  felt  all  over  the  analgesic  area  (see  Fig.  293). 

The  sensory  and  motor  functions  of  the  right  lower  limb  were  normal. 

There  was  marked  weakness  of  the  left  lower  limb  in  the  quadriceps 
extensor  and  in  the  other  anterior  thigh  muscles,  also  in  the  calf  muscles, 
peronei,  and  anterior  tibial  group.  The  gluteal  and  adductor  muscles 
were  strong,  also  the  hamstrings. 

To  faradism  there  was  no  reaction  in  the  tibialis  anticus  nor  peronei,  the 
extensors  of  the  toes  reacted  feebly,  whilst  all  the  other  muscles  of  the  limb 
gave  a  brisk  reaction. 

The  left  ankle-jerk  was  absent,  the  right  was  brisk.  Both  knee-jerks 
were  diminished,  especially  on  the  left  side.  The  bulbo-cavernosus  reflex 
was  brisk;  the  plantars  were  both  absent;  the  abdominal  reflexes  were 
present,  somewhat  brisker  on  the  right  side  than  on  the  left. 

Within  a  week  further  improvement  had  occurred,  so  that  no  individual 
muscles  were  now  paralysed,  though  the  peronfii  were  relatively  feebler 
than  the  rest,  and  the  patient  was  still  unable  to  raise  the  extended  limb 
off  the  bed  against  gravity. 

The  next  case  illustrates  a  bilateral  lesion  of  the  upper  part  of  the 
Cauda  equina,  affecting  on  the  right  side  the  roots  from  the  2nd  lumbar 
to  the  1st  sacral  inclusive,  and  on  the  left  side,  less  severely,  the  5th 
lumbar  and  1st  sacral  roots: — 

An  officer  in  a  Highland  regiment,  aged  thirty-two,  took  part  in  a  gallant 
attack  on  a  position,  advancing  by  a  succession  of  rapid  rushes.  When 
lying  down  between  two  of  these  rushes,  he  was  shot  in  the  trunk,  the  bullet 
entering  through  the  8th  intercostal  space  on  the  right  side,  behind  the 
posterior  axillary  fold.  There  was  no  exit-wound,  but  a  radiogram  sub- 
sequently showed  the  rifle-bullet  to  be  lodged  in  the  left  hip-joint,  with  its 
point  directed  upwards. 

When  shot,  he  had  a  sensation  as  if  the  feet  were  curling  up.  He  lost 
power  at  once  in  the  right  lower  limb,  i.e.  on  the  same  side  as  the 
wound  of  entry.  The  left  lower  limb  felt  "  dead,"  but  was  capable 
of  voluntary  movement.     The  sphincters  were  not  affected. 

When  he  was  admitted  to  hospital  a  week  later,  there  was  profuse 
haematuria,  apparently  of  renal  origin.  Three  weeks  after  the  injury, 
owing  to  the  presence  of  constant  pain  in  the  right  loin,  together  with 
fulness  in  the  region  of  the  right  kidney,  Mr.  Jocelyn  Swan  operated 
in  that  region  and  discovered  a  large  collection  of  clear  urine  around  the 
lower  pole  of  the  kidney,  which  had  been  lacerated.  A  bony  spike  was 
also  found  projecting  laterally  from  the  right  side  of  the  body  of  the  3rd 
lumbar  vertebra.  The  patient  made  an  uninterrupted  recovery  from  this 
operation,  and  no  further  renal  trouble  occurred. 

When  examined  eleven  days  after  the  original  wound,  there  was  total 
anaesthesia  and  analgesia  of  the  right  lower  limb,  from  the  2nd  lumbar 
to  the  Ist  sacral  root-areas  inclusive.  In  the  left  lower  limb  there  was 
moderate  diminution  to  all  forms  of  sensation  in  the  distribution  of  the 
5th  lumbar  and  ist  sacral  root-areas  (see  Fig.  294).  Joint-sense  was 
lost  at  all  joints  of  the  right  lower  limb  from  the  hip  downwards;  in  the 
left  limb  it  was  lost  in  the  toes  only. 
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There  was  total  flaccid  paralysis  of  the  right  lower  limb  at  all  joints. 
The  left  lower  limb  was  feeble  at  all  joints,  but  no  individual  movement 
was  impossible.  Both  ankle- jerks  and  the  right  knee-jerk  were  absent;  the 
left  knee-jerk  was  present.  The  plantar  reflexes  were  absent.  The 
sphincters  were  normal. 


Fig.  294. — Lesion  of  upper  cauda 
e(juina.  Anaesthesia  eleven  days 
after  the  injury. 


Fig.  294a.— The  same  case  as  Fig. 
294.  Anaesthesia  eight  months 
after  the  injury. 


To  faradism  the  right  calf  muscles  reacted  normally.  There  was  no 
reaction  in  any  other  muscles  of  the  limb,  from  the  glutei  downwards. 
All  the  muscles  of  the  left  lower  limb  reacted  briskly. 

About  a  month  after  the  original  wound,  the  patient  developed  in- 
veterate pain  in  the  right  thigh,  chiefly  towards 
the  inner  side  of  the  knee,  and  in  the  right 
ankle.     This  persisted  for  many  months. 

Gradual  improvement  set  in,  both  as  re- 
gards sensory  and  motor  functions.  Eight 
months  after  the  injury  the  anaesthesia  of  the 
left  limb  had  largely  cleared  up,  although 
there  was  still  an  area  of  comparative  blunt- 
ing on  the  outer  side  of  the  leg  and  foot, 
corresponding  to  the  5th  lumbar  root.  In  the 
right  lower  limb  the  anaesthesia  of  the  2nd 
sacral  area  had  receded  from  the  back  of  the 
thigh  and  was  no  longer  absolute  in  the  1st 
sacral  area  (see  Fig.  294a).  An  area  of  intense 
cutaneous  hyperaesthesia  persisted  at  the  inner 
side  of  the  thigh,  corresponding  to  part  of  the  I'w-  294b.— The  same  case  as 

o_,i  i„mbar  area  ^'8^-  ^^*  *"^  ^^^^-    ^''"'' 

drcl  lumDar  area.  ,  ,  ,     .         years    after    the    original 

Motor  power  also  returned,  completely  m      injury, 
the  left  lower  limb  and  partially  in  the  right. 

The  glutei  and  adductor  muscles  were  the  earliest  to  recover.  The  muscle 
which  still  remained  severely  paralysed  was  the  right  quadriceps  extensor. 
All  the  other  muscles  of  the  right  lower  limb  had  recovered  voluntary 
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movement,  although  the  peronei  and  dorsiflexors  of  the  ankle  were 
relatively  weaker  than  the  rest.  The  right  knee-jerk  and  both  ankle- 
jerks  were  still  absent,  also  the  plantar  reflexes. 

When  re-examined,  four  years  after  the  original  injury,  further  im- 
provement had  occurred.  He  was  now  able  to  walk  without  a  stick. 
Voluntary  extension  of  the  right  knee  was  good,  but  dorsillexion  of  the 
right  ankle  was  still  very  feeble  and  required  the  aid  of  an  artificial  spring 
in  the  boot.  The  left  lower  limb  was  powerful  at  all  joints.  There  was 
moderate  wasting  of  the  right  lower  limb,  best  seen  in  the  quadriceps  and 
peroneal  group  of  muscles,  but  no  individual  movement  was  paralysed. 

The  anaesthesia  of  the  right  lower  limb  had  further  receded  (see  Fig.  294  b) 
to  an  area  of  the  thigh  and  leg  mainly  innervated  by  the  4th  and  5th  lumbar 
roots,  together  with  a  small  area  on  the  plantar  surface  of  the  hallux 
(Sj  root).  In  the  left  lower  limb  there  was  only  a  small  patch  of  compara- 
tive blunting  at  the  outer  side  of  the  ankle.  The  patient  still  suffered  from 
almost  continuous  pain  in  the  back  of  both  thighs,  at  the  outer  side  of  the 
right  knee  and  ankle,  and  slightly  in  the  left  arile.  The  cutaneous  hyper- 
sesthesia  at  the  inner  side  of  the  right  thigh  was  now  much  less  intense. 

The  right  knee-jerk  and  both  ankle-jerks  were  still  absent;  likewise  both 
plantar  reflexes. 

Lesions  of  the  Lumbo-sacral  Plexus  and  of  its  Branches. — 

Compared  with  the  brachial  plexus,  the  lumbo-sacral  plexus  is  a 
comparatively  simple  affair.  Its  constitution  is  indicated  diagrammati- 
cally  in  Fig.  22  (p.  31).  Of  the  nerve-trunks  derived  from  the  plexus, 
the  largest  and  most  important  are  the  sciatic  (L^  and  Lg,  Sj,  S2,  and  S3)  and 
the  anterior  crural  nerve  (L^,  Lg,  and  L^), either  or  both  of  which,  especially 
the  sciatic,  may  be  injured  from  plexus  lesions,  though  less  frequently 
than  from  direct  wounds  of  the  nerve-trunks  themselves. 

The  lumbar  portion  of  the  lumbo-sacral  plexus,  coursing  through 
the  substance  of  the  psoas  muscle,  is  more  often  affected  than  the 
sacral  part.  The  symptoms  of  plexus  lesions  are  grouped  somewhat 
differently  from  those  which  result  from  peripheral  lesions. 

The  following  is  an  illustrative  example  of  a  lesion  of  the  3rd  lumbar 
root: — 

A  soldier  was  wounded  by  a  rifle-bullet  which  entered  half  an  inch 
below  the  upper  edge  of  the  right  iliac  crest,  five  inches  from  the  middle 
line.  There  was  no  exit-wound.  A  radiogram  showed  the  bullet  to 
be  lodged  in  the  right  side  of  the  body  of  the  4th  lumbar  vertebra.  The 
patient  immediately  lost  power  in  the  right  lower  limb,  and  for  three  days 
was  unable  to  make  any  movement  in  it.  Improvement  then  set  in 
rapidly,  beginning  at  the  foot  and  ankle.  Within  three  weeks  he  became 
able  to  walk  with  a  stick.  He  complained  of  occasional  pains  along  the 
inner  side  of  the  right  thigh,  from  groin  to  knee,  also  of  loss  of  feeling  in  the 
region  of  the  knee. 

When  examined  a  month  after  the  injury,  there  was  an  area  of  complete 
anaesthesia  to  all  forms  of  stimuli  on  the  front  and  outer  side  of  the  right 
thigh  and  along  a  narrow  strip  at  the  inner  side  of  the  knee  (see  Fig.  295). 

There  was  complete  paralysis  of  the  right  quadriceps  extensor,  and 
some  weakness  of  the  flexors  and  adductors  of  the  hip.    AH  the  other 
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muscles  of  the  lower  limb  were  powerful.     To  faradism  there  was  loss  of 
reaction  in  the  quadriceps,  with  diminution  in  the  adductor  muscles. 

The  right  knee-jerk  was  absent;  the  left  was  brisk.     Both  ankle-jerks 
were  normal. 

The  next  case  is  one  in  which  the  5th  lumbar  root  was  damaged, 
its  motor  fibres  being  exclusively  affected : — 

A  soldier,  aged  twenty-one,  was  wounded  by  a  shrapnel-bullet  which 
entered  half  an  inch  to  the  left  of  the  5th  lumbar  spine.  There  was  no 
wound  of  exit,  but  the  bullet  lodged  (as  shown  by  a  radiogram)  in  the  lower 
part  of  the  body  of  the  2nd  lumbar  vertebra,  in  the  middle  line.  The 
patient  was  standing  at  the 
moment  of  being  hit,  and  im- 
mediately dropped  backwards, 
his  legs  giving  way.  The  left 
lower  limb  was  immediately 
paralysed,  whilst  the  right 
limb  felt  slightly  weak  for  a 
few  hours. 

Within  two  days  he  began 
to  recover  power  in  the  left 
hip  and  knee,  but  had  not 
regained  power  of  dorsiflexion 
of  the  left  ankle.  He  had  a 
subjective  sensation  of  numb- 
ness along  the  back  of  the 
left  thigh  and  at  the  back  and 
outer  side  of  the  left  leg. 
There  was  never  any  affection 
of  sphincters.  Fio.  295. 

On  examination  two-and- 
a-half  weeks  after  the  injury, 

there  was  no  loss  of  sensation  to  any  form  of  cutaneous  or  deep  stimula- 
tion; joint-sense  was  everywhere  normal. 

The  right  lower  limb  was  normal.  In  the  left  lower  limb  the  movements 
of  the  hip  and  knee  were  powerful.  Flexion  of  the  toes  was  also  normal. 
There  was  paralysis  of  the  anterior  tibial  and  peroneal  groups  of  muscles, 
so  that  dorsiflexion  and  eversion  of  the  ankle  were  impossible,  and  he  had 
drop-foot.  The  knee-jerks  and  ankle-jerks  were  brisk  and  equal.  To 
faradism  there  was  diminution  of  reaction  in  the  peronei  and  anterior 
tibial  groups. 

In  a  work  like  this,  space  does  not  permit  the  full  discussion 
of  the  syniptoniatology  of  paralysis  of  the  individual  nerves  of  the 
limbs.  The  diagnosis  of  such  lesions  is  dependent  mainly  on  an 
accurate  knowledge  of  anatomy.  A  few  main  facts,  however,  may 
here  be  mentioned,  applicable  to  peripheral-nerve  lesions  in  general. 

Within  the  peripheral  nerves  the  fibres,  whether  sensory  or  motor, 
are  arranged  just  as  definitely  with  relation  to  each  other  as  are  the 
fibres  in  the  cervico-brachial  or  lumbo-sacral  plexuses.  The  nerve- 
bundles  within  the  peripheral  nerves  do  not  run  haphazard,  but  occupy 
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certain  definite  relative  positions  in  the  internal  nerve-plexuses  within 
each  nerve-trunk. 

Thus,  for  example,  in  the  illnar  nerve  at  the  bend  of  the  elbow,  the 
fibres  destined  for  the  interosseal  muscles  of  the  hand  lie  superficially, 
whilst  those  destined  for  the  ulnar  half  of  the  flexor  profundus  and  for 
the  adductor  pollicis  lie  deeply,  close  to  the  humerus. 

Again,  in  the  sciatic  nerve,  in  the  gluteal  region,  not  only  can  we 
distinguish  the  internal-popliteal  fibres,  lying  internally,  from  the 
external-popliteal  fibres  externally  (indeed,  they  sometimes  constitute 
two  parallel  but  separate  nerves),  but  thecntaneous  fibres  of  the  external 
saphenous  and  internal  plantar  branches,  together  with  the  muscular 
branches  for  the  calf  muscles,  are  situated  on  the  postero-internal  aspect, 
whilst  the  fibres  of  the  external  plantar  nerve,  together  with  the  muscular 
branches  for  the  tibialis  posticus  and  the  long  flexors  of  the  toes,  lie 
externally.  Thus  a  lesion  of  the  outer  part  of  the  sciatic  trunk,  high 
up,  often  produces  paralysis  limited  to  the  external  popliteal,  whilst 
a  partial  lesion,  lower  down,  may  produce  a  paralysis  limited  to  the 
long  flexors  of  the  toes  and  of  the  tibialis  posticus,  accompanied  by 
anaesthesia  of  the  outer  part  of  the  sole. 

Ischsemic  Myositis. — We  have  already  referred  to  the  ordinary 
variety  of  ischaemic  myositis  due  to  the  pressure  of  tight  splints  or 
bandages  (see  p.  231).  In  the  recent  war,  however,  another  type  of 
ischaemic  myositis  has  been  occasionally  met  with,  resulting  from  direct 
injury  of  the  artery  supplying  the  muscle-group  and  without  the  occur- 
rence of  any  pressure  on  the  muscles  themselves.  It  is  often  associated 
with  cutaneous  anaesthesia,  not  corresponding  to  definite  nerve-areas. 
The  following  is  an  illustrative  example  :-7- 

A  soldier,  aged  twenty-two,  was  wounded  in  the  left  upper-arm.  The 
entry- wound  was  through  the  middle  of  the  biceps;  the  exit  was  at  the 
same  level,  an  inch  behind  the  brachial  vessels  and  nerves. 

When  admitted  to  hospital  ten  days  later,  there  was  a  considerable 
swelling  in  the  upper-arm,  and  no  pulse  could  be  felt  at  the  wrist.  There 
was  weakness  of  the  wrist  and  fingers.  No  splint  or  bandage  was  applied 
to  the  forearm  at  any  period  of  the  treatment. 

On  the  thirteenth  day  of  injury,  secondary  haemorrhage  occurred 
from  the  wound  of  exit.  The  false  aneurism  was  accordingly  laid  open, 
the  blood-clot  was  turned  out,  and  the  vessels,  above  and  below  the 
aneurism,  were  ligatured.  Uninterrupted  recovery  took  place  from  this 
operation. 

On  the  day  after  the  operation,  some  return  of  power  was  observed 
in  the  extensors  of  the  wrist  and  fingers.  Improvement  steadily  continued, 
but  the  flexors  of  the  wrist,  fingers,  and  thumb  remained  permanently 
paralysed,  and  gradually  the  paralysed  muscles  developed  a  characteristic 
hard,  doughy  consistence.  All  the  other  muscles  of^the  upper-arm,  fore- 
arm, and  hand  were  normal. 

Two  months  after  the  original  injury,  the  motor  disability  remained 
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unchanged.  To  pin-pricks  there  was  analgesia  of  the  hand  from  the 
wrist  downwards.  To  cotton- wool  touches,  anteriorly  there  was  anaesthesia 
below  a  level  two  inches  above  the  wrist,  whilst  posteriorly  sensation  was 
lost  only  from  the  knuckles  downwards.  Small  blisters  formed  occasionally 
on  the  dorsal  aspect  of  the  terminal  phalanges. 

No  reaction  to  faradism  or  galvanism  could  be  obtained  in  the  paralysed 
long  flexors  of  the  wrist,  fingers,  or  thumb,  even  under  a  general  anaes- 
thetic, whereas  all  the  other  muscles  of  the  limb  reacted  in  normal  fashion. 

Similar  ischaemic  palsy  is  sometimes  observed  in  the  lower  limb. 
Thus,  after  ligature  of  the  femoral  artery,  paralysis,  with  doughy 
hardness  and  loss  of  electrical  reactions,  has  occasionally  been  observed 
in  the  anterior-tibial  and  peroneal  groups  of  muscles,  or  in  other  cases 
in  the  calf  muscles. 

We  note  in  such  cases  that  no  injury  had  been  inflicted  on  the  nerve- 
trunks;  the  condition  is  therefore  circulatory  in  origin. 

After  some  cases  of  ligature  of  the  femoral  or  popliteal  artery  (but 
not  in  all)  symptoms  of  painful  unilateral  intermittent  claudication 
occur  (see  p.  247),  so  that  the  patient,  after  walking  a  few  yards,  has  to 
stop  and  rest,  owing  to  pain,  cramp,  and  weakness  of  the  muscles  in  the 
affected  leg.  This  is  because,  during  the  effort  of  walking,  the  muscles 
of  the  leg  call  for  a  temporary  increase  in  the  blood-supply,  an  increase 
which  the  affected  arterial  trunk  is  unable  to  provide.  Thus  a  relative 
local  and  temporary  isehaemia  of  the  muscles  occurs. 


CHAPTER  XXVII 

WAR-NEUROSES 

The  definition  of  the  term  "neurosis  "  we  have  already  considered  in  a 
previous  chapter  (p.  358). 

There  is  no  exclusive  "  war-neurosis,"  i.e.  there  is  no  neurosis  in 
war  of  which  we  do  not  find  examples  in  civil  life.  Further,  war- 
neuroses  are  not  confined  to  combatants ;  they  occur  during  war-time 
in  peaceful  civilians,  not  only  among  those  who  are  exposed  to  incidents 
of  war,  such  as  aerial  and  other  bombardments,  but  even  in  individuals 
far  removed  from  such  experiences,  e.g.  amongst  the  home  relatives 
and  friends  of  soldiers  at  the  front,  or  in  timorous  conscripts  who  have 
never  been  anywhere  near  the  fighting  line,  but  who  suffer  from  morbid 
fear  of  active  service: — machiphobia,  whether  at  the  time  of  their 
recruitment  or  later,  when  their  draft  is  warned  for  active  service. 

Causation  of  War-Neuroses. — Acute  neuroses  in  war,  as  in  peace, 
usually  arise  from  a  combination  of  emotional  and  physical  shock. 
Thus  in  peace-time  we  meet  with  neuroses,  identical  with  those  of  war, 
following  railway-accidents,  earthquakes,  lightning-strokes,  electric 
shocks,  shipwrecks,  and  so  on. 

In  the  production  of  war-neuroses  the  commonest  causal  factors  are 
the  following : — 

1 .  Emotional  Shock. — All  acute  emotions  are  normally  accompanied 
by  transient,  reflex,  chemico-physical  reactions  of  the  vegetative 
nervous  system,  associated  with  special  activity  of  internally  secreting 
glands.  Emotions  and  their  accompanying  normal  physical  reactions 
are  all  independent  of  volition.  The  particular  emotion,  e.g.  fear  or 
anger,  which  will  be  produced,  say,  by  a  bursting  shell,  depends  not 
on  the  stimulus  (which  in  itself  is  neither  fear-producing  nor  anger- 
producing),  but  upon  the  patient's  nervous  architecture  and  his  inherent 
character,  modified  by  education,  by  environment,  and  by  discipline. 
In  the  physical  phenomena  of  fear,  anger,  pleasure,  surprise,  shame,  etc., 
many  of  their  signs  are  visible  to  the  outside  observer.  Thus,  a  person 
under  the  emotion  of  acute  fear  shows  prominent,  "  starting"  eyes, 
dilated  pupils,  deficient  salivation,  so  that  his  tongue  "  cleaves  unto 
the  roof  of  his  mouth,"  violent  action  of  the  heart,  pallor,  sweating, 
tremors  of  the  voluntary  muscles,  and  a  tendency  to  involuntary 
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contraction  of  the  bladder  and  even  of  the  rectum.  He  is  mentally 
confused  and  has  difficulty  in  fixing  his  attention.  These  phenomena 
are  essentially  neuro-toxic  in  character,  and  are  associated,  at  first, 
with  an  excess  of  adrenalin  in  the  blood-stream,  as  has  been  shown 
experimentally  in  the  case  of  a  caged  cat  with  a  fierce  dog  barking  close 
outside  the  bars.  If  this  adrenal  action  is  prolonged,  it  may  be 
followed  by  a  phase  of  exhaustion  of  the  adrenals  and  other 
internally  secreting  glands,  producing  corresponding  physical  signs: 
low  blood-pressure,  muscular  asthenia,  etc. 

To  counteract  the  temporary  excess  of  adrenalin,  the  thyroid  gland 
over-acts.  Under  abnormal  conditions  this  hyper-thyroidism  may 
persist  when  the  transient  emotional  hyper- adrenalism  has  passed  off. 

Amongst  the  emotional  shocks  of  war,  burying  by  earth  is  specially 
terrifying  to  the  soldier ;  so  also  is  the  horrifying  sight  of  his  mutilated 
comrades. 

The  natural  emotion  of  fear,  however,  in  man,  may  be  modified  by 
other  reflexes  and  instincts,  e.g.  by  the  cerebral  realisation  of  responsi- 
bility and  duty,  and  especially  by  training  and  discipline,  so  that  the 
individual  does  not  yield  to  his  primitive  emotion  of  fear,  tending  to 
make  him  run  away,  but  "  carries  on"  with  his  duties.  This  is  a 
higher  form  of  courage  than  that  of  an  individual  who  does  not  feel  fear. 
Without  fear  there  can  be  no  true  bravery.  The  bravest  man  is  not 
he  who  never  trembles,  but  he  who,  trembling,  dares  to  face  and  to 
attack  a  dangerous  enemy. 

In  modifying  the  primary  emotion  of  fear  the  herd-instinct  is 
specially  important.  Our  two  primary  instincts  are  those  of  self-preserv- 
ation and  of  reproduction  (sex-instinct).  These  two  are  shared  in 
common  by  all  living  things.  Later  in  evolution,  as  Mc Vicar  has  put  it, 
a  higher  instinct  develops : — the  herd-instinct,  with  its  pride  of  family, 
country,  or  race.  In  civilised  communities  this  comes  to  dominate  the 
two  primary  instincts  and  gives  rise  to  the  social  virtues  of  morality, 
religion,  modesty,  discipline,  morale,  bravery  in  danger,  etc.  It  can  be 
deliberately  trained  to  a  high  pitch.  In  peace-time  if  the  herd-instinct 
is  lost  or  imperfectly  developed,  the  individual  may  become  antisocial, 
criminal,  vicious,  or  cowardly,  and  is  dominated  by  uncontrolled 
emotional  impulses,  such  as  those  of  fear,  surprise,  anger,  and  so  on. 
In  war-time  the  soldier  has  to  meet  special  assaults  upon  his  instinct 
of  self-preservation.  He  is  therefore  carefully  trained  and  drilled,  so  as 
to  act  calmly  and  correctly  in  situations  of  danger  which  would 
ordinarily  arouse  the  emotion  of  fear  or  the  mere  instinct  of  self- 
preservation.  The  herd-instinct  is  thus  deliberately  developed.^  If  a 
high  degree  of  discipline  be  attained,  not  only  do  acute  emotions 
1  Trotter,  The  Herd  Instinct  in  Peace  and  War. 
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produce  fewer  nervous  symptoms,  but  the  primary  emotional  reactions 
themselves  tend  to  be  less  intense.  A  violent  bombardment  which 
shakes  the  new  recruit  may  not  even  quicken  the  pulse  of  the  veteran. 
Not  only  may  acute  emotions  induce  certain  war-neuroses  and 
psychoses,  but  frequently  the  memory  o!  an  acute  emotion  may  aggra- 
vate the  symptoms  or  cause  them  to  relapse. 

There  is  the  well-authenticated  instance  of  a  party  of  about  a  dozen 
soldiers,  convalescent  from  hysteria,  in  a  military  hospital  in  London, 
who  were  taken  out  to  enjoy  a  melodrama  in  an  adjacent  theatre.  At  one 
particular  moment  in  the  play,  a  mimic  bomb  was  exploded  on  the  stage. 
Six  of  the  soldiers  had  to  be  carried  back  to  the  hospital,  whilst  another 
became  temporarily  aphasic.^ 

The  incomplete  repression  of  a  distressing  memory  may  also  aggra- 
vate a  patient's  symptoms  or  prevent  them  from  clearing  up.  The 
soldier  tries,  by  an  effort  of  will,  to  divert  his  attention  from  the 
memory  of  some  scene  of  terror,  or  of  horror  (terror  for  his  own  safety, 
horror  at  the  sufferings  or  mutilations  of  others).  Voluntary  repression 
of  painful  memories  is  a  natural  protective  mechanism,  as  natural  as  the 
voluntary  avoidance  of  danger  or  distress  in  ordinary  life.  It  is  a  con- 
stituent part  of  a  soldier's  training,  and  is  useful  so  long  as  it  helps 
him  successfully  to  adapt  himself  to  an  environment  which  would 
ordinarily  arouse  disturbing  emotions.  Repression  of  this  sort  may  vary 
widely  in  its  degree,  from  total  amnesia  at  one  end  of  the  scale,  to  a 
mere  reluctance  to  speak  of  his  war-experiences  at  the  other.  But  if 
repression  of  painful  memories  of  war-incidents  be  incomplete,  so  that 
it  fails  to  adapt  the  individual  to  his  surroundings,  especially  if  the 
patient  has  an  inborn  neuropathic  tendency,  then  by  attempting, 
ostrich-like,  to  banish  the  distressing  memory  from  his  mind,  instead 
of  allowing  it  to  fade  by  the  natural  process  of  time,  he  tends  to  renew, 
distort,  and  exaggerate  it. 

The  spontaneous  recrudescence  of  his  emotion  is  particularly  liable 
to  occur  when  he  has  no  other  incidents  to  occupy  his  attention,  or 
when  the  control  of  the  waking  state  is  diminished,  i.e.  especially  at 
night.  Such  a  patient,  when  he  ought  to  be  falling  asleep,  has  an  attack 
of  acute  emotional  distress,  which  prevents  him  from  sleeping.  Or  if 
he  succeeds  in  falling  asleep,  he  suffers  from  terrifying  nightmares, 
which  wake  him  up,  palpitating  and  sweating  with  fear.  He  may  also 
develop  other  symptoms  of  anxiety-neurosis  to  which  we  shall  refer 
presently. 

The  Freudian  pan-sexual  dogma,  which  boldly  attributes  all 
neuroses  to  the  repression  of  a  memory  of  some  sexual  trauma,  has 
been  reduced  by  war-experience  to  its  proper  perspective.     In  civil 

*  Armstrong-Jones,  Trans.  Medical  Society  of  London,  1917,  xl.,  p.  129. 
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life  this  hypothesis  doubtless  has  an  element  of  truth  in  tracing  some 
neuroses  to  a  sexual  emotional  trauma,  whose  original  emotional 
reaction  has  been  "  repressed  "  and  thrust  back  into  sub-consciousness. 
But  no  reasonable  stretch  of  imagination  can  induce  the  common- 
sense  physician  to  regard  a  shell-explosion,  or  other  emotional  war- 
incident,  as  in  any  way  sexual  in  character.  Nevertheless,  even  in 
these  cases  the  Freudian  enthusiast  tries  to  unearth  some  juvenile 
sexual  incident  as  a  causal  factor.  If  he  fails,  even  by  the  most  sugges- 
tive "  analysis,"  to  elicit  a  juvenile  sexual  trauma,  he  falls  back  on 
some  supposed  infantile  incident,  or,  as  a  last  resort  (why  not  ? )  to  an 
ante-natal,  intra-uterine,  ancestral,  or  even  atavistic  sexual  reaction. 

To  give  a  homely  analogy,  the  Freudian  hypothesis  may  be  com- 
pared to  the  secluded  sanitary  cubicle  which  plays  a  small  but  useful 
role,  in  comparison  with  the  other  rooms,  in  an  ordinary  modern  house. 
Its  omission  from  the  architectural  plan,  it  cannot  be  denied,  would 
be  a  flaw  in  the  design ;  but  it  is  not  the  most  important  chamber.  So 
with  the  Freudian  sexual  hypothesis,  which  plays  an  undoubted  but 
limited  role  in  the  production  of  neuroses.  But  the  Freudian  physician 
who  strives  to  trace  all  neuroses  to  sexual  trauma  is  like  a  householder 
who  not  only  uses  his  sanitary  cubicle  for  a  few  minutes  in  the  day, 
but  eats,  works,  lives,  sleeps,  and  also  entertains  his  friends  there. 

2.  Suggestion  plays  a  fundamental  role,  especially  in  the  production 
of  war-hysteria.  The  suggestion  may  be  either  from  within  (auto- 
suggestion) or  from  without  (hetero-suggestion). 

Auto-suggestion  may  act  at  two  different  periods  after  a  violent 
emotion  or  a  shell-explosion.  As  the  first  mental  confusion  is  passing 
off,  the  patient  may  discover  that  he  is  perhaps  temporarily  blind, 
or  deaf,  or  speechless,  or  unable  to  move  some  part  of  his  body.  These 
symptoms  may  be  due  to  temporary  exhaustion  of  his  visual  or 
auditory  apparatus,  or  to  cerebral  concussion  with  its  resultant  mental 
confusion.  The  patient's  suggestibility  is  meanwhile  temporarily 
exaggerated  by  the  violent  emotion.  The  surprise  and  distress  of 
discovering  his  new  symptoms,  together  with  apprehension  as  to  the 
possibility  of  permanent  disablement  in  the  future,  may  give  rise  to 
superadded  auto-suggestions  of  a  negative  character,  fixing,  intensify- 
ing and  stereotyping  the  recent  disability,  which  would  otherwise  pass 
off  spontaneously.  Thus  the  patient  may  remain  hysterically  blind, 
deaf,  mute,  or  paralysed. 

Auto-suggestions  of  disability,  such  as  blindness,  paralysis,  etc., 
sometimes  take  their  origin  in  the  awakening  of  an  old  memory  of  a 
similar  disability  which  occurred  in  the  patient's  former  experience. 
This  disability  may  have  been  one  which  had  occurred  to  the  soldier 
personally  during  his  previous  civilian  life ;  more  often  it  has  been  some- 
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thing  which  happened  to  someone  else,  perhaps  to  one  of  his  relatives 
or  acquaintances.  Thus  one  soldier,  shaken  by  a  shell-explosion,  who 
developed  hysterical  paraplegia,  had  in  his  mind  the  memory  of  a  sister 
who  had  been  paralysed  in  both  legs.  Another  soldier  saw  a  comrade's 
legs  blown  off;  this  made  such  an  impression  upon  his  consciousness 
that,  long  afterwards,  when  he  himself  was  partially  buried  by  a  shell- 
explosion,  he  developed  hysterical  paraplegia.  Cases  of  this  sort  do  not 
supervene  immediately  after  the  shell-explosion;  there  is  an  interval, 
generally  of  hours  or  even  days,  after  the  original  shock,  during  which 
the  patient  has  time  to  meditate  on  his  various  distressing  memories. 
Such  meditation  need  not  be  conscious  meditation.  The  patient  may 
do  it  sub-consciously  or  may  even  be  trying  to  repress  his  painful 
memory,  and  the  fact  is  only  brought  out  afterwards  by  the  physician 
when  talking  over  matters  with  him.  The  recalling  of  the  buried 
memory  to  the  patient's  consciousness  and  the  pointing  out  by  the 
physician  of  its  causal  influence  usually  have  a  striking  effect  in  helping 
to  remove  permanently  the  paralysis,  phobia,  obsession,  or  other 
hysterical  or  psychasthenic  symptoms. 

A  second  variety  of  auto-suggestion  is  that  which,  at  a  still  later 
stage,  secondarily  elaborates  the  original  symptoms,  consciously  or 
sub-consciously, so  that  a  chronic,  progressive  "pension-neurosis"  of  a 
hysterical  nature  is  gradually  built  up,  exactly  similar  to  many  cases 
of  "  compensation-neurosis  "  in  civil  life.  Every  war-pension  which 
is  allotted  on  account  of  hysterical  symptoms,  by  suggesting  to  the 
patient  his  incapacity  for  work,  acts  as  a  hindrance  to  complete  re- 
covery and  favours  the  development  of  fresh  hysterical  phenomena. 
"  A  pensioned  hysteric  is  a  social  parasite." 

Hetero-suggestions  from  other  patients  sometimes  produce  or  aggra- 
vate hysterical  symptoms.  The  grouping  together  of  uncured  hysterics 
has  a  deleterious  influence  upon  all  of  them.  Each  uncured  patient 
forms  a  focus  of  baneful  suggestion,  fixing  the  attention  of  the  others 
upon  the  apparent  incurability  of  his  affection.  On  the  other  hand, 
the  presence  of  other  patients  who  are  getting  well  under  treatment 
has  a  powerful  beneficial  stimulating  effect.  Well-meaning  but 
injudicious  friends  often  aggravate  hysterical  symptoms  by  hetero- 
suggestion.  Many  of  the  most  intractable  cases  of  war-hysteria  have 
developed  whilst  the  patient  was  on  leave.  Therefore  no  hysterical 
patient  should  be  allowed  to  return  to  his  own  home  until  all  his  grosser 
phenomena  have  been  removed.  Amongst  the  worst  offenders, 
however,  in  the  matter  of  hetero-suggestion  are  incautious  medical 
men,  who  through  injudicious  questionings  often  suggest  all  sorts  of 
fresh  symptoms  to  the  patient.  Hence  the  value  of  isolating  the  soldier 
suffering  from  recent  war-neurosis  in  a  special  institution,  under 
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skilled  neurological  care,  separated  from  other  patients  and  from 
injudicious  friends. 

There  is  almost  always  an  interval  of  several  hours  or  even  days 
iperiode  de  meditation)  between  the  original  emotional  shock  and  the 
onset  of  hysterical  symptoms.  The  patient  has  been  slightly  confused 
by  his  emotional  shock,  and  it  is  during  this  stage  of  ' '  mental  disloca- 
tion ' '  that  he  is  liable,  whether  by  auto-suggestions,  recalling  earlier 
emotional  memories,  or  by  hetero-suggestions,  derived  from  comrades, 
from  friends,  or  from  his  medical  entourage,  to  develop  hysterical 
phefnomena.  It  is  a  matter  of  experience  that,  in  the  trenches,  no 
matter  how  intense  the  emotional  shocks  may  be,  often  producing 
violent  emotional  reactions,  e.g.  tremors,  tachycardia,  sweating,  etc., 
true  hysterical  phenomena  are  conspicuous  by  their  absence.  It  is  only 
when  the  patient  has  passed  towards  the  base,  and  especially  at  the 
base-hospitals,  that  the  familiar  pictures  of  hysteria  appear, 

3.  Physical  concussion  of  the  nervous  system  {commotio  cerebri)  as 
a  causal  factor  is  relatively  infrequent.  In  most  cases  of  war-neurosis 
it  is  entirely  absent.  When  actual  concussion  occurs  (whether  result- 
ing from  a  local  head-injury  or  from  the  sudden  atmospheric  com- 
pression and  decompression  due  to  the  bursting  of  a  high-explosive 
shell),  it  produces  sudden  cerebral  anaemia,  with  microscopic  haemor- 
rhages, etc.,  followed  by  oedema  of  varying  degree  (see  p.  53).  Changes 
are  also  observed  in  the  cerebro-spinal  fluid,  consisting  in  an  increase 
of  albumin,  slight  excess  of  cellular  elements,  and  even  the  presence 
of  red  corpuscles.  Under  such  circumstances  the  possibility  of  mole- 
cular cerebral  changes  cannot  be  denied,  whereby  nerve-paths  are 
suddenly  dislocated  or  disharmonised,  producing  changes  in  the 
reactions  to  stimuli  of  various  sorts.  Thus,  for  example,  we  may 
recall  the  familiar  intolerance  to  alcohol  which  so  commonly  follows 
severe  head-injuries,  even  in  peace-time. 

But  physical  shock  is  not  essential  for  the  production  of  war-neuroses . 
Many  of  the  severest  cases  arise  under  circumstances  where  there  has 
been  no  mechanical  shock  whatsoever,  and  many  of  the  disorders 
which  at  one  time  used  to  be  attributed  to  concussion,  e.g.  trembling, 
tachycardia,  tachypncea,  etc.,  are  really  manifestations  of  emotiona| 
reactions. 

4.  Exhaustion,  from  prolonged  and  excessive  physical  and  mental 
strain  of  a  campaign,  may  induce  neurasthenia,  or  even  an  exhaustion- 
psychosis  of  the  usual  confusional  type,  just  as  in  civil  life.  Exhaus- 
tion may  also  lower  the  resistance  of  the  soldier  to  other  factors,  such 
as  suggestion,  emotional  shock,  etc.,  which  are  the  immediate  ante- 
cedents of  his  neurosis.  Exhaustion  is  rarely  the  sole  cause;  it  is 
usually  combined  with  insufficient  sleep  and  with  some  emotional 
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factor.     Simple  ueurastheuia  from  eidiaustion  is  commoner  amongst 
officers  than  amongst  men. 

5.  Poisoning  by  various  other  toxic  agents,  apart  from  the  endo- 
genous toxins  of  exhaustion,  causes  a  certain  proportion  of  neuroses. 
The  commonest  starting-point  of  such  toxic  neuroses  is  some  antecedent 
acute  fever,  e.y.  malaria,  dysentery,  enteric  fever,  etc.  The  symptoms 
of  the  subsequent  neurosis  are  usually  of  neurasthenic  type,  but  we 
may  also  meet  with  a  vegetative  neurosis,  evidenced  by  tachycardia, 
tremors  and  a  relative  lymphocytosis  of  the  blood,  or  we  may  have  an 
exhaustion-psychosis  of  the  usual  confusional  type. 

Amongst  drug-habits,  chronic  alcoholism,  with  its  familiar 
symptoms,  is  sometimes  met  with,  chiefly  in  the  vicinity  of  base-depots 
and  canteens,  and  rarely  amongst  fighting  troops.^Jxobacco-intoxica- 
tion,  on  the  other  hand,  is  much  commoner,  especially  amongst  first- 
line  units;  it  chiefly  affects  the  younger  soldiers.  The  free  issue  of  a 
tobacco-ration,  as  served  out  in  the  British  Army  in  war-time,  was  not 
an  unmixed  blessing;  many  cases  of  so-called  "  soldier's  heart,"  with 
tachycardia  and  tremors,  were  due  to  excessive  tobacco-smoking,  and 
such  cases  rapidly  improved  when  the  tobacco  was  cut  off.        __ — ^ 

Early  in  the  war,  we  in  England  were  amused  to  read  in  an  enemy 
journal  an  apparently  serious  article  which  asserted  that  the  British 
Navy  was  manned  largely  by  cordite-eaters,  who.  devoured  part  of  the 
ammunition  which  ought  to  have  been  expended  in  naval  purposes ! 
Cases  of  cordite-habit  are  so  rare  as  to  be  practically  unknown.  Almost 
equally  rare  are  the  men  suffering  from  the  morphia  or  the  cocaine 
habits,  neither  of  which  can,  in  any  case,  be  regarded  as  peculiar  to  war 
nor  in  any  way  frequent. 

Carbonic  oxide  poisoning  was  propounded  in  the  early  days  of  the 
war  as  a  causal  factor  in  neuroses  following  shell-explosions.  But  the 
evidence  of  prolonged,  permanent,  toidc  action  upon  nerve-cells  by  the 
action  of  CO  gas  is  very  slender.  Still  more  significant  is  the  fact  that 
the  patient's  wounded  comrades,  who  were  usually  devoid  of  all 
symptoms  of  neurosis,  had  been  just  as  much  exposed  to  the  noxious 
fumes  as  was  the  soldier  who  happened  to  develop  a  neurosis. 

6.  Pain  following  a  trauma  of  some  localised  area,  reinforced  by 
"auto-suggestion,  often  acts  as  a  causal  factor  by  focussing  the  patient's 
attention  on  that  special  part.  It  is  specially  liable  to  induce  hysterical 
contractures  by  perpetuating  the  original  posture  assumed  by  the 
painful  limb. 

Disuse  of  the  inj  ured  limb  is  also  a  factor  in  such  cases.  In  the  first 
instance  the  pain  of  the  injury  produces  immobility.  This  immobility 
is  intensified  by  splints  or  bandages  applied  to  the  wounded  limb,  so 
that  the  patient  no  longer  makes  any  use  of  the  part.    After  weeks  or 
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months,  the  woimd  cicatrises  or  the  fracture  heals,  and  the  time  comes 
for  the  patient  to  resume  voluntary  movements.  But  if  passive 
movements  have  not  been  carried  out  in  the  meantime,  there  is  sure 
to  be  a  certain  degree  of  stiffness  of  the  joints  and  muscles  and  all  the 
tissues  are  more  sensitive  than  normal.  An  energetic  patient  perseveres 
and  moves  his  limb,  despite  the  initial  discomfort.  But  the  lazy  man, 
the  hysteric,  or,  still  oftener,  the  "  perseverating  "  malingerer,  refuses 
to  make  the  necessary  movements  and  leaves  the  limb  or  segment  of  a 
limb  immobile. 

The  severity  of  the  original  injury  bears  no  relation  whatever  to 
that  of  the  hysterical  paralysis  or  contracture  which  may  follow  it. 
On  the  contrary,  it  is  often  the  most  trivial  injuries  which  are  followed 
by  the  most  dramatic  and  persistent  disabilities. 

7.  Heredity. — A  considerable  proportion,  possibly  the  majority,  of 
war-neuroses  occur  in  nervous,  highly-strung  soldiers  who  are  hered- 
itarily disposed  to  neuroses  or  psychoses.  In  war-time  whole  battalions 
are  exposed  to  identical  physical  and  emotional  shocks,  nevertheless 
only  a  small  proportion  of  soldiers  develop  neuroses.  Certain  neuro- 
pathic families  and  even  certain  races,  e.g.  the  gallant  Welshmen,  are 
more  prone  to  functional  disorders  than  their  more  stolid  comrades, 
especially  after  minor  wounds  or  injuries. 

A  previous  personal  history  of  functional  disorder  in  pre-war  days 
is  sometimes  met  with.  For  example,  a  soldier  with  hysterical  mutism 
following  a  shell-explosion  (promptly  cured  by  suggestion)  gave  a 
history  of  a  similar  attack  some  years  before,  during  hia  civilian  life  as 
a  coal-miner,  when  he  was  buried  in  a  mining- accident. 

Still  more  commonly  a  family  disposition  to  neuroses  is  discovered, 
when  inquired  for ;  but  under  the  stress  of  service  conditions,  histories 
of  this  sort  are  often  overlooked.  A  psychopathic  or  neuropathic 
tendency  may  be  present  in  individuals  with  any  grade  of  mental 
development,  whether  normal,  supernormal,  or  subnormal.  The 
inborn  factor  is  of  great  importance,  for  it  often  helps  us  to  solve  the 
following  question: — Why  is  it  that  under  apparently  identical  con- 
ditions of  emotional  or  physical  shock,  one  soldier  develops  hysteria, 
another  becomes  neurasthenic,  whilst  others  show  signs  of  hyper- 
thyroidism, epilepsy  or  stupor  ?  The  explanation  is  to  be  found  in  the 
patient's  individual  temperament  or  predisposition.  We  are  all  of  us 
potential  neurotics.  The  particular  pattern  of  neurosis  which  develops 
under  the  searching  tests  of  war  is  simply  the  individual  reaction  of  a 
neuropathically-predisposed  individual  to  emotional  trauma  or  to 
suggestion. 

Two  classes  of  soldiers  are  singularly  exempt  from  war-neuroses: 
Firstly,  patients  who  have  recently  sustained  severe  physical  wounds. 
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Various  explanations  have  been  ofEered  for  this  fact.  It  has  been 
suggested  that  the  unlikelihood  of  immediate  return  to  the  fighting-line 
after  such  a  wound  removes  the  emotional  factor  of  apprehension. 
Another  suggestion  is  that  a  wound  of  the  patient's  own  body  produces 
a  much  slighter  psychical  trauma  than  does  the  horror  of  witnessing 
the  sudden  death  or  mutilation  of  his  comrades.  Another  possibility  is 
that  the  presence  of  his  own  serious  wound  occupies  so  completely  the 
patient's  field  of  consciousness  that  there  is  no  room  for  subjective 
phenomena  to  be  superadded  by  suggestion.  But,  later  on,  in  hospital, 
if  a  wounded  limb  be  kept  immobile  from  pain,  or  from  too  long  applica- 
tion of  splints,  hysterical  paralyses  may  become  superadded  by  auto- 
suggestion. Such  hysterical  disability  may  persist  long  after  the 
original  wound  has  healed.  The  combination  of  organic  lesions  with 
hysterical  palsies  must  always  be  borne  in  mind. 

Secondly,  prisoners  of  war  do  not  readily  develop  the  ordinary 
neuroses.  The  explanation  of  this  relative  immunity  may  lie,  partly 
in  their  withdrawal  from  the  emotional  strain  and  apprehension  of 
combatant  life,but  largely  also  in  the  herd-instinct, the  pride  of  country, 
to  which  we  have  already  referred.  There  is,  however,  one  neurosis 
which  is  specially  characteristic  of  prisoners  of  war,  the  so-called 
«« barbed-wire  psychosis."  Amongst  prisoners,  the  monotony  of 
internment,  the  limitation  and  censorship  of  letters  to  and  from  the 
outer  world,  the  ptomiscuous  herding  with  other  prisoners,  the  receding 
hopes  of  release  as  each  fresh  batch  of  prisoners  is  added  to  the  crowd, 
all  these  factors,  after  a  few  months,  gradually  blunt  the  emotions  of 
the  chronic  prisoner  and  induce  a  condition  of  mental  apathy.  A 
characteristic  type  of  neurasthenia  is  the  result.  The  prisoner  becomes 
abnormally  irritable  and  quarrelsome ;  he  sleeps  badly ;  his  power  of 
mental  concentration  becomes  diminished,  so  that  he  can  no  longer 
settle  down  to  regular  occupations,  and  even  the  amusements  of  his 
fellow-prisoners  become  intolerable  to  him.  Perhaps  the  most  striking 
feature  of  all  is  the  failure  of  memory,  especially  for  pre-war  people 
and  places,  so  that  he  may  forget  the  names  of  his  relatives  or  of 
familiar  home-scenes.  The  whole  personality  of  the  patient  is  thus 
profoundly  changed.  Some  of  the  foregoing  symptoms,  especially 
the  morbid  irritability  and  the  insomnia,  rapidly  clear  up  when  the 
prisoner  is  repatriated  or  transferred  to  a  neutral  country;  whereas 
the  loss  of  concentration  and  the  restlessness  take  much  longer  to 
pass  off. 

Clinical  Varieties  of  War-Neuroses. — Apart  from  the  psychoses 
(such  as  confusional  insanities,  melancholia,  mania,  hallucinatory  and 
delusional  insanities,  etc.),  the  neurologist  in  war-time  has  to  deal  with 


WAE.NEUROSES  545 

numerous  clinical  varieties  of  neurosis.^  Although  it  is  convenient  to 
describe  these  as  if  they  were  distinct  entities,  it  is  important  to  remem- 
ber that  the  real  entity  is  not  the  disease  but  the  diseased  individual. 

1.  Concussion- Neurosis. — Following  many  cases  of  cerebral  con- 
cussion a  characteristic  group  of  chronic  symptoms  is  produced,  which 
may  last  for  months  or  even  years.  The  previously  concussed  patient 
complains  of  persistent  headache,  especially  in  the  day-time.  The 
headache  is  aggravated  by  sudden  changes  of  position,  and  by  stooping. 
Together  with  this,  there  is  vertigo,  mental  inertia,  failure  of  memory 
and  deficient  mental  concentration.  His  reasoning  powers  are  im- 
impaired,  i.e.  there  is  no  gross  intellectual  deficiency.  But  he  is 
emotional,  irritable  in  temper,  and  hyperaesthetic  to  loud  sounds  and 
to  bright  lights.  He  sleeps  badly  and  may  have  terrifying  nightmares. 
He  often  has  recurrent  outbursts  of  violent  temper  and  headache,  at 
intervals,  perhaps,  of  three  or  four  weeks.  A  return  to  active  service 
invariably  induces  a  relapse  of  the  foregoing  symptoms.  He  is  intol- 
erant to  alcohol  and  to  other  nerve-poisons,  so  that -even  a  small  dose 
of  alcohol,  which  in  the  old  days  did  not  upset  him,  now  goes  to  his 
head  and  tends  to  produce  intoxication. 

To  these  phenomena  may  be  superadded  hysterical  tremors  of 
various  kinds,  coarser  than  those  of  hyper-thyroidism,  and  aggravated 
by  emotion,  by  loud  noises,  or  by  voluntary  movements.  Such  tremors 
in  their  primary  origin  are  emotional  reactions,  not  necessarily  due  to 
suggestion.  In  many  cases,  however,  they  have  become  aggravated  and 
stereotyped  by  superadded  auto-suggestion,  and  persist  as  hysterical 
tremors. 

Inasmuch  as  most  cases  of  organic  cranial  injury  are  accompanied 
by  cerebral  concussion,  we  are  not  surprised  to  meet  with  symptoms  of 
concussion-neurosis  after  major  head- wounds,  just  as  we  do  in  patients 
who  have  been  concussed  without  any  obvious  external  lesion. 

2.  Katatonic  Stupor  or  Trance. — A  young  soldier,  usually  of  neuro- 
pathic heredity,  with  or  without  a  history  of  previous  concussion  or 
emotional  shock,  is  found  to  be  in  a  condition  of  trance.  He  lies  in  bed, 
silent  and  apathetic,  paying  no  attention  to  his  surroundings.  He 
swallows  food  when  it  is  given  to  him,  but  does  not  ask  for  it.  If 
placed  on  his  feet,  he  remains  standing,  or  after  a  few  minutes  may 
collapse  on  the  floor.     If  gently  led  or  pushed  forwards,  he  walks  in  a 

1  All  sorts  of  nervous  and  mental  symptoms  developing  in  unwounded  men  who 
have  been  under  shell-fire  have  been  loosely,  and  often  quite  erroneously,  referred 
to  as  "shell-shock."  This  unfortunate  catch-word  should  be  wiped  out  from  the 
vocabulary  of  every  scientific  physician.  It  has  been  applied  to  widely  divergent 
conditions,  differing  both  as  regards  causation  and  as  regards  symptoms.  We  might 
as  well  label  malaria,  dysentery  and  plague  indifferently  as  "tropical  fever."  The 
term  "shell-shock"  is  altogether  bad;  it  is  the  refuge  of  the  confused  thinker.  More- 
over, it  often  exercises  a  baneful  suggestive  effect  upon  the  patient. 
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feeble,  shuffling  fashion,  soon  coming  to  a  standstill.  If  he  meets  an 
obstacle,  e.g.  the  wall  of  the  room,  he  remains  motionless,  facing  against 
it.  If  a  lighted  cigarette  or  match  be  placed  in  his  hand,  he  holds  the 
burning  object  until  it  burns  his  fingers.  He.  may  make  stereotyped 
rhythmic  movements,  over  and  over  again,  of  the  jaws,  face,  or  limbs, 
for  hours  at  a  time  or  mutter  the  same  word  and  syllable  with  constant 
repetition  (verbigeration).  We  often  observe  rigidity  of  the  proximal 
joints  of  the  limbs  on  passive  movements  (katatonic  rigidity). 

This  condition,  which  may  last  from  a  few  hours  to  several  days,  is 
one  of  katatonic  stupor,  exactly  similar  to  that  which  is  met  with  in  the 
dementia  prsecox  (schizophrenia)  of  civil  life. 

These  soldiers  are  really  cases  of  latent  dementia  praecox,  in  which 
the  stuporous  phase  has  been  precipitated  by  emotional  shock,  e.g.  by 
a  shell-explosion. 

Other  varieties  of  dementia  prwcox  are  met  with  in  varying  degrees 
of  intensity.  There  are  numerous  types,  some  with  lethargy,  others 
with  delusions,  negativism,  verbigeration,  etc.  All  of  these  varieties 
are  paralleled  in  civil  practice. 

Dementia  praecox,  whatever  its  type,  is  essentially  founded  upon  an 
inborn  inherited  predisposition.  Inquiries  in  these  cases  will  often 
reveal  a  family  history  of  insanity,  alcoholism,  or  nervous  disorders; 
or  some  previous  psychical  sjrmptoms  in  the  patient  himself.  Naturally, 
during  the  enlistment  of  recruits  for  war-service,  time  rarely  permits  of 
adequate  inquiry  into  such  matters,  and  it  is  only  after  the  individual 
has  broken  down  that  the  full  significance  of  his  inborn  predisposition 
is  appreciated.  Even  the  actual  diagnosis  of  dementia  praecox  is  apt 
to  be  overlooked  in  war-time,  and  the  patient  is  wrongly  regarded  as 
suffering  from  hysteria  or  some  other  neurosis,  in  view  of  the  fact  that, 
when  originally  admitted  to  the  army,  he  showed  no  signs  of  mental 
trouble.  There  is  little  doubt  that,  had  these  individuals  never  been 
called  upon  to  bear  the  emotional  strains  of  war-service,  most  of  them 
would  have  lived  through  the  ordinary  conditions  of  peace  without  a 
mental  breakdown.  But,  all  the  time,  they  were  potential  dements, 
in  whom  the  additional  and  decisive  factor  was  the  emotional  strain 
of  military  service. 

3.  Hysteria  or  Saggestion-Neurosis. — This  is  by  far  the  commonest 
neurosis  met  with  in  war-time.  It  occurs  in  all  its  polymorphic  types. 
Its  clinical  phenomena  are  essentially  the  same  as  in  peace.  Unlike 
neurasthenia  and  anxiety-neurosis,  hysteria  is  relatively  commoner  in 
private  soldiers  than  in  officers. 

We  have  already,  in  a  previous  chapter,  discussed  the  main  outlines 
of  this  neurosis,  especially  the  patient's  abnormal  suggestibility,  and  it 
is  unnecessary  to  recapitulate  these  points  in  extenso. 
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Amongst  the  sensory  phenomena  of  war-hysteria  the  "  algias  "  are 
specially  frequent,  i.e.  persistent  pains  not  caused  by  an  organic  lesion. 
Such  pains,  when  occurring  in  the  lower  limbs  and  trunk,  tend  to 
produce  dramatic  limping  with  hysterical  contractures.  A  few  illus- 
trative examples  may  be  mentioned : — 

1.  Hysterical  Algia  and  Contracture  of  Rigid  Upper  Linih. — Two  months 
before  coming  under  observation,  the  patient,  a  man  of  twenty-three, 
sustained  a  superficial  bullet-wound  in  the  back  of  the  neck,  the  entry 
baing  in  the  middle  line  in  the  suboccipital  regions,  the  exit  an  inch  behind 
and  below  the  right  mastoid  process.  Ever  since  he  had  complained  of 
pain  in  the  right  side  of  his  neck, 
extending  all  down  the  right  arm,  with 
weakness  of  the  right  grasp.  A  month 
later,  when  taking  part  in  an  advance 
up  a  steep  clifi  in  Gallipoli,  he  was 
struck  on  the  head  by  falling  stones, 
and  sustained  a  scalp-wound  in  the 
right  frontal  region,  for  which  he  was 
sent  to  hospital. 

On  examination  there  was  marked 
cutaneous  hypersesthesia  of  the  whole 
right  upper  limb  from  fingers  to  shoul- 
der, extending  over  the  right  scapular 
and  pectoral  regions.  The  muscles 
of  the  limb  were  powerful  and  well- 
developed,  and  no  voluntary  move- 
ment was  impossible.  Every  volun- 
tary effort,  however,  with  the  right 
upper  limb,  and  even  passive  move- 
ments, caused  pain.  The  limb  was 
held  constantly  in  a  statuesque  pos- 
ture, with  elbow  and  fingers  stiffly 
semi-flexed,  as  if  grasping  some  phan- 
tom object  (see  Fig.  296).  Attempts 
to  elicit  the  supinator-]  erk  produced 
intense  emotional  reaction. 

A  fortnight  later,  the  pain  and 
hypersesthesia  of  the  limb  had  disap- 
peared,   but   the  elbow  and  fingers  „    ,    .    ,^    .     7 S"*^  ut ^,h™k 

i  '.,,  •  fl        J       T>       •  ?         Hysterical  Contracture  of  nght  upper  limb, 

were  still  semi-flexed.     Passive  exten-      •'  e>      nr 

sion  of  the  fingers  still  caused  acute  pain  all  up  the  limb.  There  was  no 
muscular  atrophy,  and  all  the  deep  reflexes  were  normal  and  equal  on  the 
two  sides. 

2.  Hysterical  Acro-parcesthesia,  Jollowing  Wound  of  Elbow.— A  flying- 
officer,  aged  twenty-five,  was  hit  during  an  aerial  duel  by  a  machine-gun 
bullet,  sustaining  a  tangential  wound  half  an  inch  above  the  flexure  of  the 
left  elbow  and  slightly  in  front  of  the  brachial  vessels.  Ever  since  the 
injury,  he  complained' of  a  constant  subjective  tingling,  painful  sensation 
of  pins-and-needles  in  the  index,  medius  and  ring-finger,  front  and  back, 
and  in  the  corresponding  part  of  the  palm.  This  sensation,  which  varied 
in  intensity  at  different  times  of  the  day,  was  aggravated,  not  only  by 


Fig.  296. 
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light  touches,  but  by  the  sounds  of  guu-fire,  or  of  aeroplanes,  or,  worst 
of  all,  by  the  sound  of  scratching  a  match  (he  heard  this  sound  immediately 
he  landed,  after  his  fight  in  the  air).  The  movements  of  the  left  fingers  were 
excessively  feeble. 

On  examination  a  month  later,  there  was  marked  hyperalgesia  to  touches 
and  pin-pricks  on  the  whole  of  the  left  palm  and  all  the  digits,  back  and 
front,  except  on  the  dorsum  of  each  proximal  phalanx.  There  was  no 
cutaneous  anffisthesia  or  analgesia,  and  joint-sense  was  normal. 

All  voluntary  movements  of  the  finger,  thumb  and  wrist  were  feeble 
and  tremulous,  but  none  were  impossible.  He  resisted  passive  movements 
of  the  left  wrist  and  elbow  by  holding  on  with  his  right  hand.  There 
was  no  muscular  wasting  of  the  left  forearm  or  hand,  nor  were  there  any 
electrical  changes. 

Before  diagnosing  a  pain  as  a  hysterical "  algia  "  we  must  be  careful, 
by  physical  examination,  to  exclude  the  presence  of  an  adequate 
organic  cause  for  it.  Hysterical  pains  are  often  erratic  in  their  distri- 
"bution;  they  do  not  tend  to  follow  anatomical  areas,  nor  are  they 
accompanied  by  tenderness  along  the  nerve-trunks.  Moreover,  the 
hysterical  patient  resists  passive  movements  of  his  limb,  and  is  liable, 
during  examination,  to  show  emotional  dyspnoea  or  even  an  outburst 
of  weeping  or  a  hysterical  attack.  Lastly,  the  most  conclusive  proof 
of  a  pain  having  been  hysterical  is  its  disappearance  under  psycho- 
therapeutic suggestion. 

Another  frequent  type  of  war-hysteria  is  the  characteristic  bent 
back  (antialgic  spondylosis  or  camptocormia).  This  has  a  sudden 
onset,  usually  preceded  hy  pain.  There  is  generally  a  history  of  con- 
tusion of  the  back,  caused  by  a  shell-explosion.  The  local  pain  of  this 
contusion  renders  extension  of  the  spine,  for  the  moment,  painful,  and 
the  patient  at  once  assumes  a  flexed  posture  of  his  trunk.  But  this 
posture,  owing  to  auto-suggestion,  persists  long  after  the  original 
cause  has  cleared  up.  In  a  fully  developed  case  the  patient  walks 
with  his  trunk  almost  horizontal.  But  his  neck  is  bent  backwards,  so 
that  his  face  is  held  erect,  with  fixed  expression  and  wide-open  eyes. 
If  told  to  stand  erect,  he  fails  to  do  so,  although  he  seemingly  makes 
vain  and  dramatic  efforts.  During  these  it  will  be  noticed  that  all  his 
trunk-muscles,  not  only  the  spinal  extensors,  but  also  their  antagonists, 
the  abdominal  muscles,  are  thrown  into  spasmodic  contraction,  so  that 
no  improvement  occurs  in  the  deformity.  If  forcible  attempts  are  made 
to  straighten  the  spine  passively,  the  patient  complains  of  violent 
lumbo-sacral  pain,  and  becomes  acutely  emotional,  with  terror-stricken 
face,  rapid  breathing  and  quickened  pulse.  Nevertheless,  in  most 
cases,  the  deformity  entirely  disappears  when  the  patient  lies  down. 

Hysterical  aphonia  is  another  frequent  typo ;  in  this  the  patient 
talks  in  a  soft  whisper,  but  with  normal  articulation.  Sometimes  we 
have  hysterical  mutism,  in  which  the  patient  is  absolutely  speechless 


WAR-NEUROSES  549 

and  makes  no  attempt  to  articulate,  even  in  a  whisper.  Nevertheless 
he  can  communicate  his  ideas  fluently  by  writing.  In  this  respect  the 
condition  differs  both  from  aphasia  and  from  the  mutism  of  katatonic 
stupor  (see  p.  64).  Often  a  patient  has  a  transient  stage  of  complete 
mutism  (with  or  without  hysterical  deafness),  following  a  shell-explo- 
sion, and  this  clears  up  partially  after  a  few  hours,  leaving  him  merely 
aphonic  but  not  mute. 

The  following  is  an  illustrative  example  of  hysterical  aphonia : — 

A  seaman  belonging  to  a  landing-party  at  Cape  Helles  on  the  Darda- 
nelles was  asleep  one  night  when  a  shell  exploded  in  his  trench  and  killed 
the  man  next  to  him.  He  himself,  although  shaken,  remained  apparently 
well,  save  for  some  pain  in  the  right  knee  and  across  the  lumbar  region, 
from  slight  contusions. 

On  the  second  day  after  this  explosion  he  became  "  helpless  "  and  had 
to  be  carried  to  the  sick  bay,  where  he  rapidly  became  apathetic,  listless 
and  mute. 

On  the  third  day,  when  seen  by  myself,  he  was  no  longer  mute.  He 
talked  in  a  soft  whisper,  was  mentally  intelligent  and  able  to  write  fluently. 
There  was  no  deafness.  The  visual  fields  were  moderately  contracted. 
The  pupils  and  cranial  nerves  were  normal.  When  told  to  protrude  the 
tongue,  he  could  not  do  this  in  the  ordinary  way,  but  pulled  it  forwards 
with  his  fingers.  There  was  no  cutaneous  anaesthesia  or  analgesia,  and  no 
motor  weakness,  tremor,  or  ataxia  of  the  upper  or  lower  limbs.  But  in 
walking  he  limped  dramatically  with  his  right  leg,  using  a  stick  with  the  left 
hand.  The  reflexes,  deep  and  superficial,  were  normal;  the  heart  was 
somewhat  rapid,  96  per  minute. 

The  absence  of  organic  disease  was  explained  to  the  patient  during  the 
course  of  the  foregoing  examination.  An  hour  later,  when  I  saw  him  once 
more,  he  had  regained  his  normal  voice,  notwithstanding  the  continuance 
of  heavy  shelling  at  the  time,  and  his  limp  had  disappeared. 

Some  cases  of  hysterical  mutism  clear  up,  but  are  followed  by  a 
prolonged  stage  of  stammering,  lasting  for  weeks  or  months.  On 
inquiring  into  such  cases  it  will  be  found  that  whilst  some  of  them  are 
purely  hysterical  in  character,  produced  by  suggestion  and  removed  by 
counter-suggestion,  a  considerable  proportion  of  them  give  a  history 
of  stammering  in  childhood.  In  other  words,  the  stammer  is  one  of  the 
stigmata  of  a  congenital  psychasthenia,  and  such  patients  are  to  be 
regarded,  not  as  pure  hysterics,  but  as  hystero-psychasthenics. 

Hysterical  blindness  (p.  381)  and  hysterical  deafness  (p.  152)  have 
already  been  described,  but  additional  examples  may  here  be  given  :— 

Hysterical  Blindness. — A  young  soldier,  aged  twenty,  was  struck  on 
the  vertex  by  a  piece  of  rock  during  the  explosion  of  a  shell.  For  two  days 
he  was  totally  blind.  He  then  began  to  see  with  the  right  eye,  but  the  left 
eye  remained  completely  blind,  until  he  came  under  observation  two 
months  later. 

On  examination,  the  fundi  and  media  of  both  eyes  were  normal. 
Vision  in  the  rijht  eye  was  6/12.     The  right  visual  field  was  normal. 
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In  the  left  eye  there  was  no  perception  of  light.  The  prism-test  did  not 
induce  diplopia.  There  was  a  tender  spot  on  the  vertex,  two  inches  in 
front  of  the  bregma. 

Both  pupils  reacted  briskly  to  light,  directly  and  consensually.  Al- 
though there  was  apparently  no  perception  of  light  on  the  left  eye,  never- 
theless the  patient  occasionally  blinked  with  the  left  eye  to  a  finger 
suddenly  shot  in,  chiefly  from  the  right  side  (the  right  eye  being  meantime 
covered  up).  The  cranial  nerves  were  otherwise  normal;  the  sensory., 
motor,  and  reflex  functions  were  also  normal. 

The  subsequent  course  of  the  case  is  instructive.  It  was  decided  to  cover 
the  right  eye  by  a  strong  convex  lens  (  +10  D),  so  as  to  encourage  vision  in 


Fig.  297. 
Hysterical  Anaesthesia  of  the  head  and  upper  part  of  neck. 

the  left  eye.  Further,  to  increase  the  disability  of  the  right  eye,  it  was 
treated  by  atropine  instillations.  In  spite  of  his  right  eye  thus  being 
placed  hors  de  combat,  the  patient  was  observed  to  read  most  of  the  day. 

Accordingly,  a  fortnight  after  admission,  Captain  A.  D.  Griffith  pro- 
ceeded to  demonstrate  to  the  patient  the  functional  nature  of  his  disability. 
To  begin  with,  refraction  in  the  right  eye  was  found  normal,  the  left  eye 
having  still  no  perception  of  light.  By  placing  a  +  7  lens  in  front  of  the 
right  eye  binocular  vision  was  reduced  to  6/18.  On  then  covering  up  the 
left  eye,  vision  in  the  right  was  reduced  to  6/60.  The  fallacy  was  pointed 
out  to  the  patient,  who  agreed  that  he  must  have  been  seeing  something 
with  his  left  eye.  Immediately  thereafter,  not  only  did  perception  of  light 
return  to  the  left  eye,  but  also  the  power  of  reading.  A  week  later,  vision 
was  equal  in  both  eyes,  amounting  to  6/9. 

Hysterical  Dea/ness  and  Anosmia. — ^A  soldier  was  blown  up  into  the  air 
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by  a  shell-explosion,  but  not  rendered  unconscious.  He  immediately 
became  deaf  in  both  ears,  previously  having  had  normal  hearing.  He  had 
no  bleeding  from  the  ears,  nor  any  otorrhcea,  before  or  after  the  explosion. 
For  thirteen  days  he  complained  of  headache.  There  was  no  nausea  or 
vomiting. 

When  examined,  fifteen  days  after  the  original  explosion,  his  speech  and 
articulation  were  normal.  He  coiUd  not  smell  peppermint  nor  tobacco 
with  either  nostril.  The  visual  fields  and  visual  apparatus  were  normal. 
Taste  was  normal.  There  was  total  deafness  of  both  ears,  both  to  aerial 
and  bone-conduction,  but  thermic  nystagmus  was  normally  elicited  on 
irrigation  of  either  ear.  He  spoke  in  a  normal  voice  in  reply  to  questions, 
all  of  which  had  to  be  written  down  owing  to  his  total  deafness.  There 
was  total  ansesthesia  and  analgesia  of  the  head  and  neck  down  to  a 
guillotine-line  at  the  level  of  the  larynx  (see  Fig.  297),  in  which  area  pins 
have  transfixed  the  skin  of  the  cheek  and  forehead. 

A  fortnight  later,  the  anaesthesia  of  the  head  had  disappeared,  but 
he  still  remained  totally  deaf.  The  functional  nature  of  his  affection  was 
then  carefully  explained  to  him,  and  he  was  told  to  keep  his  eyes  fixed  on 
his  watch  at  five  o'clock,  and  to  listen  at  the  moment  when  a  signal-gun 
was  due  to  be  fired.  This  he  did,  and  succeeded  in  hearing  the  gun. 
Immediately  his  hearing  became  perfectly  normal  and  remained  so. 
Smell  was  also  found  to  have  returned. 

Hysterical  vomiting  sometimes  occurs.  It  is  due  to  the  perpetuation, 
by  auto-suggestion,  of  vomiting  which  was  originally  induced  by  some 
organic  cause,  e.g.  by  the  fumes  of  a  gas-shell,  by  nauseous  smells,  or 
by  such  ordinary  causes  as  gastro-intestinal  disorders  or  vomiting  after 
anaesthetics,  so  that  the  hysterical  patient  continues  to  vomit  several 
times  a  day  for  weeks  or  months,  long  after  the  original  causal  condition 
has  cleared  up. 

Hysterical  meteorism  is  a  curious  abdominal  syndrome  most 
frequently  met  with  in  soldiers  serving  as  orderlies  in  military  hospitals. 
It  appears  to  be  produced  by  tonic  diaphragmatic  spasm.  The  patient 
rapidly  develops  diffuse  abdominal  distension,  sometimes  to  a  grotesque 
extent,  but  without  vomiting.  Sometimes  there  is  constipation.  The 
abdomen  is  tympanitic  as  a  whole,  but  here  and  there  we  sometimes 
find  areas  of  local  dulness  on  percussion  and  sometimes  curious  resistant 
lumps  on  deep  palpation,  shifting  in  position  from  day  to  day.  The 
abdominal  wall  is  convex  and  rigid,  so  much  so  that  the  question  of 
surgical  intervention,  for  which  the  patient  announces  himself  perfectly 
willing,  is  nearly  always  considered.  The  temperature,  however,  is 
normal  and  the  blood-count  shows  no  excess  of  leucocytes.  Most 
dramatic  of  all,  the  administration  of  a  general  anaesthetic  causes  the 
whole  swelling  to  collapse  like  a  pricked  bubble.  Sometimes,  how- 
ever, the  condition  reappears  as  the  patient  comes  round  from  the 
anaesthetic.     But  cure  is  promptly  effected  in  all  cases  by  persuasion. 

Hysterical  tremors  are  common  in  war-time.  They  resemble  the 
emotional  tremor  of  fear,  but  generally  develop  a  coarser  rhythm  as 
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time  goes  on.  They  are  reinforced  by  auto-suggestion,  and  persist  long 
after  the  original  emotion  which  caused  them  has  passed  away.  Such 
tremors  are  always  associated  with  more  or  less  rigidity  of  the  affected 
muscles, constituting  what  Meige  has  called  "finite  treraulante."  They 
can  usually  be  cured  if  the  rigidity  be  overcome.  This  we  attain  by 
persuasion  and  re-education,  combined  with  gentle  massage  and 
passive  movements  of  the  limb.  As  the  muscular  spasm  relaxes,  the 
tremor  clears  up. 

Hysterical  convulsive  attacks,  of  the  most  dramatic  and  extravagant 
type,  are  also  met  with  in  war-time.  The  original  attack  is  a  sudden 
reaction,  in  a  highly  suggestible  patient,  to  some  emotional  experience. 
Recurrent  attacks  are  generally  replicas  of  the  original  seizure.  They 
can  easily  be  induced  by  emotion,  but  are  commonest  in  the  presence 
of  a  sympathetic  audience  and  practically  never  occur  when  the  patient 
is  alone.  Their  chief  diagnostic  features  have  already  been  described 
(p.  384). 

Hysterical  paralyses  and  contractures  may  affect  the  upper  or  lower 
limbs.  Many  of  them  have  their  starting-point  in  some  initial  local 
trauma,  associated  with  transient  pain.  To  ease  his  pain,  the  patient 
instinctively  assumes  some  unusual  attitude,  and  by  auto-suggestion 
this  posture  becomes  fixed,  long  after  the  original  cause  of  pain  has 
cleared  up.  As  Meige  neatly  puts  it,  "I'habitude  cree  I'aptitude  a 
I'attitude." 

4.  Reflex  Paralyses. — This  interesting  group  of  paralyses,  before 
the  war,  used  to  be  confused  with  hysteria.  Now,  however,  chiefly 
owing  to  the  observations  of  Babinski  and  Froment,  we  are  able  to 
distinguish  the  condition  from  hysteria,  with  which  it  is  sometimes 
combined.  Its  clinical  phenomena,  of  which  the  most  notable  features 
are  the  cutaneous  hypothermia  and  muscular  hyper-excitability  of  the 
affected  limb,  have  already  been  described  on  pp.  392-393,  and  it  is  un- 
necessary  to  recapitulate  them  here.  The  condition,  when  well  marked, 
is  not  likely  to  be  overlooked  by  those  who  are  familiar  with  the 
syndrome,  but  it  must  not  be  forgotten  that  reflex  paralyses  may  co- 
exist either  with  a  hysterical  paralysis  or  with  an  organic  nerve-lesion 
of  the  affected  limb,  as  will  be  seen  from  the  following  examples : — 

Reflex  paralysis  of  left  hand,  combined  with  organic  lesion  of  median  nerve. 
A  soldier  was  wounded  by  a  biillet  which  traversed  the  left  forearm, 
entering  it  in  the  flexor  aspect,  between  the  radius  and  ulna,  half-way 
between  the  wrist  and  elbow,  and  passing  out  through  the  back,  half  an 
inch  lower  down.  The  wound  was  septic  and  took  over  three  months 
to  heal. 

When  examined,  seven  months  after  the  injury,  there  were  signs  of 
partial  paralysis  of  the  median  nerve,  consisting  in  loss  of  sensation  in 
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tLree-and-a-half  digits,  and  in  a  corresponding  area  of  the  palm.  There 
was  no  paralysis  of  any  individual  muscle  supplied  by  the  median  nerve, 
save  one,  the  abductor  poUicis,  which  did  not  react  to  faradism.  Joint- 
sense  was  normal  in  all  the  digits.  There  were  no  trophic  changes  in  the 
skin,  hairs  or  nails. 

The  whole  hand,  however,  was  cold  and  blue,  especially  the  index  and 
middle  finger,  and  there  was  increased  excitability  of  the  thenar  and 
interossei  muscles  to  direct  percussion — muscles  which  were  neither  wasted 
nor  paralysed. 

Reflex  paralysis  of  left  knee,  combined  with  lesion  of  anterior  crural  nerve 
and  with  hysterical  gait.  A  Welsh  soldier,  twenty-two  years  of  age, 
sustained  a  bullet-wound  of  the  left  thigh.  The  bullet  entered  through 
the  middle  of  the  quadriceps  extensor  and  was  extracted  by  an  incision 
two  inches  higher  up,  and  an  inch  to  the  inner  side. 

When  examined,  eleven  months  later,  he  showed  a  highly  dramatic 
and  typically  hysterical  gait.  He  avoided  resting  any  weight  on  the  left 
leg,  and  performed  a  curious  sudden  bending  movement  of  the  right  hip 
(like  the  "  dip  "  of  a  two-step  dance)  at  each  step.  There  was  an  area  of 
total  cutaneous  anaesthesia  at  the  outer  side  of  the  knee,  reaching  to  the 
outer  border  of  the  jDatella,  evidently  from  a  lesion  of  a  cutaneous  branch 
of  the  anterior  crural  nerve.  There  was  wasting  and  loss  of  faradic  ex- 
citability in  the  vastus  internus  muscle.  The  remainder  of  the  quadriceps, 
including  the  rectus  and  crureus,  was  normal,  so  that  the  patient  could 
extend  the  knee  against  gravity  and  even  against  moderate  resistance. 
The  knee-jerks  and  ankle-jerks  were  brisk  on  both  sides. 

The  left  knee,  however,  was  markedly  colder  than  the  right  and  slightly 
blue.     The  left  crureus  was  hyper-excitable  to  direct  percussion. 

It  should  be  particularly  observed  that  this  man's  limb  was  freely 
movable,  so  that  the  phenomena  of  reflex  paralysis  cannot  be  attributed 
merely  to  secondary  changes  occurring  in  an  immobile  limb. 

5.  Neurasthenia  or  Exhaustion- Neurosis. — This  is  probably  the 
least  frequent  of  the  war-neuroses,  although  the  term  neurasthenia  has 
been  widely,  loosely,  and  often  wrongly,  used  by  inaccurate  observers. 

The  onset  of  neurasthenia  is  usually  gradual.  The  condition  follows 
prolonged  physical  or  mental  exhaustion,  'plus  emotional  strain,  but 
usually  without  any  sudden  or  dramatic  shock.  Neurasthenia  may 
also  supervene  after  fevers  or  other  severe  illnesses.  Amongst  its 
symptoms  (as  already  described  in  a  previous  chapter),  the  chief  is  a 
feeling  of  excessive  fatigue  on  slight  physical  or  mental  effort.  The 
patient  is  often  gloomy,  introspective,  and  disinclined  for  exertion  of 
any  kind.  He  has  marked  deficiency  of  mental  concentration.  He  may 
also  suffer  from  asthenopia,  vague  neuralgic  pains,  gastro-intestinal  or 
vaso-motor  atony  with  low  blood-pressure,  or  from  other  vegetative 
symptoms. 

Neurasthenia  is  relatively  commoner  in  officers  than  in  men, 
probably  owing  to  the  officer's  greater  responsibility,  and  is  usually 
associated  with  malnutrition.    It  is  rare  to  find  a  fat  neurasthenic. 
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6.  Psychasthenia  or  Mal-adaptation  Neurosis. — This  is  essentially 
a  congenital  or  endogenous  neurosis,  although  its  clinicaJ  phenomena 
may  be  precipitated  and  aggravated  by  emotional  shock.  The 
psychasthenic  patient  in  war-time  shows  the  same  characteristic 
stigmata  as  in  peace: — tics  (especially  of  the  head,  face  or  shoulder- 
muscles),  obsessions,  and  phobise  (especially  phobiae  of  loud  sounds, 
resembling  those  of  shell-fire,  or  sounds  resembling  the  hum  of  aero- 
planes). It  should  be  remembered  that  true  tics,  e.g.  the  "  dodging- 
reflex,"  in  which  the  patient  "ducks"  as  if  under  imaginary  shell- 
fire,  do  not  arise  by  suggestion  from  without,  nor  by  imitation  from 
other  patients,  but  are  originally  psycho-motor  reactions,  of  a  primi- 
tive, infantile  kind,  for  the  purpose  of  relieving  some  primary 
discomfort  of  sorts;  these  subsequently  become  stereotyped  by  con- 
stant repetition. 

In  the  diagnosis  of  psychasthenia  a  previous  history  of  psychasthenic 
tendencies  in  childhood  or  adolescence  is  of  great  importance.  Patient 
inquiry  is  often  required  to  elicit  this.  A  peace-time  tic  or  obsession, 
which  had  perhaps  become  latent  or  apparently  disappeared,  may  be 
lighted  up  again  by  the  strain  of  war,  and  exaggerated  in  intensity. 
In  other  words,  war  may  reveal  a  latent  psychasthenia,  but  does  not 
cause  it. 

7.  Anxiety- Neurosis. — This  is  characterised  by  the  occurrence  of 
paroxysms  of  terror  and  emotional  anguish.  The  patient  is  usually  a 
man  of  neuropathic  temperament,  but  not  necessarily  a  coward.  On 
the  contrary,  he  sometimes  shows  conspicuous  courage  at  critical  or 
dangerous  moments.  At  ordinary  times,  between  his  paroxysms,  the 
patient  with  anxiety- neurosis  may  be  apparently  quiet  and  placid;  or 
he  may  be  preoccupied  and  mildly  depressed,  but  not  continuously  so. 
He  sleeps  badly,  and  is  disturbed  by  nightmares  in  which  war-scenes 
are  reproduced.  In  addition,  he  is  subject  to  paroxysms  of  intense 
terror  and  emotion,  with  palpitation,  disordered  breathing,  sweating, 
tremor,  etc.  Sometimes  these  paroxysms  occur  suddenly  and  cause- 
lessly by  day ;  sometimes  they  come  on  at  night,  when  the  control  of  the 
waking  state  is  diminished,  either  just  as  he  feels  himself  dropping  off 
to  sleep,  or  as  the  climax  of  a  nightmare,  waking  him  up.  Anxiety- 
neurosis,  although  not  confined  to  officers,  affects  them  more  frequently 
and  usually  more  severely  than  private  soldiers.  This  is  partly  due 
to  differences  in  previous  training  and  education  between  officers  and 
men,  and  partly  to  the  greater  responsibility  of  officers. 

Alcoholic  patients  are  more  prone  than  others  to  this  neurosis,  but 
alcohol  is  only  an  aggravating,  not  an  essential  factor.  The  essential 
element  in  its  causation  is  the  recollection  of  a  previous  emotional 
shock,  which  the  patient  (often  upon  medical  advice)  has  been  vainly 
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trying  to  repress  by  an  effort  of  will,  shutting  it  deliberately  out  of  his 
attention. 

Patients  suffering  from  anxiety- neurosis  are  often  markedly 
benefited  by  patient  investigation  of  their  mental  content.  After 
obtaining  a  careful  history  as  to  the  starting-point  and  development 
of  the  neurosis,  we  then  interpose  re-educative  suggestions,  encouraging 
the  patient  to  face  his  unpleasant  memory  courageously,  instead  of 
running  away  from  it,  i.e.  to  recognise  it  as  an  unpleasant  memory  and 
nothing  more.  Of  course,  he  must  not  allow  himself  to  go  to  the 
opposite  extreme  of  morbid  brooding  over  his  original  emotion,  so  as  to 
exaggerate  or  distort  its  significance.  When  this  has  occurred,  relief  is 
best  attained  by  the  patient  confiding  his  trouble  to  a  kindly  adviser. 
Insomnia  must  also  be  carefully  treated.  Return  of  natural  sleep  and 
recovery  of  body- weight  are  two  of  the  best  signs  of  convalescence. 

8.  Fright- Neurosis,  Vegetative-Neurosis  or  Dys-TKyroidism. — This 
occurs  chiefly  in  young  soldiers  of  sympathetico-tonic  type,  in  whom 
the  sympathetic  fibres  are  specially  sensitive  to  adrenalin,  unlike  their 
autonomic  or  vago-tonic  comrades,  who  react  specially  to  cholin 
(see  p.  339). 

The  emotion  of  fear  normally  liberates  an  excess  of  adrenalin  into 
the  blood-stream.  In  some  individuals  severe  emotional  shock  may 
induce  temporary  mental  confusion,  amounting  almost  to  stupor,  but 
never  to  unconsciousness  as  in  cerebral  concussion.  Some  of  these  are 
instances  of  latent  dementia  prsecox  with  katatonic  stupor,  which  we 
have  already  studied.  Others  again  are  simply  examples  of  intense 
temporary  mental  confusion,  during  which  the  individual  is  not  fully 
aware  of  what  he  is  doing.  He  may  remain  inactive,  trembling  with 
fear.  Or  he  may  perform  senseless  automatic  actions.  Thus,  I  remem- 
ber one  man  at  Gallipoli  who  during  a  specially  intense  bombardment 
stripped  his  clothes  off  and  ran  round  and  round,  unclothed,  in  the 
"  no-man's  land  "  between  the  opposing  trenches.  The  stage  of  tran- 
sient mental  confusion,  however,  may  be  only  slight  in  degree.  It  is 
quickly  followed  by  a  stage  of  compensatory  hyper-activity  of  the 
thyroid  and  other  chromophile  glands,  during  which  the  characteristic 
facies  of  fear  or  apprehension  occurs,  with  prominent  eyes,  fine  tremor 
of  the  limbs,  rapid  heart,  etc.  In  a  normal  individual  these  phenomena 
are  also  transient.  But  in  abnormal  conditions  the  symptoms  may 
become  chronic,  although  they  rarely  persist  in  a  complete  form.  Thus 
the -oculo-pupillary  signs  may  subside,  partially  or  entirely,  whilst  the 
fulness  of  the  thyroid  gland  may  be  rudimentary  or  absent.  The  most 
persistent  symptom  is  chronic  rapidity  of  the  pulse.  Such  cases,  with 
persistent  tachycardia,  constitute  an  important  variety  of  "  soldier's 
heart."     One  of  the  most  constant  diagnostic  physical  signs  of  dys- 
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thyroidism  is  the  relative  lymphocytosis  of  the  blood,  so  that  the  pro- 
portion of  lymphocytes  may  rise  to  40,  50,  or  even  60  per  cent.  In 
about  half  of  these  cases  the  systolic  blood-pressure  is  abnormally  high, 
suggesting  a  persistent  excessive  activity  of  the  suprarenal  bodies: 
super-adrenalism. 

Fig.  298  is  that  of  a  young  soldier,  aged  twenty,  who,  after  exposure  to 
continuous  shell-fire  for  six  weeks  on  the  Gallipoli  Peninsula,  developed 
a  hysterical  gait,  together  with  palpitation  of  the  heart. 


Fio.  298. 
Hyperthyroidism  and  hyper-adronalism  rceulting  from  emotional  shock. 

On  examination,  two  months  later,  he  showed  distinct  fulness  of  the 
thyroid  gland,  fine  tremor  of  the  outstretched  hands,  and  a  rapid  pulse  of 
160  per  minute.  The  left  palpebral  fissure  was  slightly  wider  than  the 
right,  and  the  left  eye  projected  a  little.  There  was  also  some  delay  in 
the  descent  of  both  upper  lids.  The  leucocyte  count  showed  44  per  cent, 
of  lymphocytes  and  56  per  cent,  of  polymorphs.  The  systolic  blood-pres- 
sure measured  no  less  than  194  mm.  of  Hg;  in  a  month  this  fell  to  150  mm. 

9.  Epilepsy. — This,  of  course,  is  not  a  psychogenic  neurosis,  and  at 
first  sight  it  may  seem  illogical  to  refer  to  it  when  discussing  war- 
neuroses.  But  epilepsy  sometimes  appears,  for  the  first  time,  after  the 
strain  of  a  prolonged  campaign,  less  commonly  after  an  emotional 
shock.    In  both  instances,  the  patient  was  already  a  latent  epileptic, 
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and  the  majority  of  war-epileptics,  when  carefully  inquired  into,  give 
a  history  of  epileptiform  attacks,  major  or  minor,  in  pre-war  days. 

Sometimes  epilepsy  follows  an  organic  injury  of  the  brain.  This  is 
not  merely  after  lesions  in  the  neighbourhood  of  the  motor  cortex  but 
from  injuries  anywhere  in  the  brain.  In  traumatic  epilepsy  the  epileptic 
attacks  may  first  appear  after  a  long  interval,  perhaps  many  months, 
when  the  original  brain-inj  ury  has  long  since  healed.  Hence  the  import- 
ance, in  every  case  of  brain-injury,  of  prolonged  rest  and  sedative 
treatment,  so  as  to  counteract  any  possible  epileptic  tendency  in  the 
future. 

10.  Combinations  of  the  foregoing  syndromes  occur  in  innumerable 
varieties  of  intermediate  and  mixed  cases.  Thus,  for  example,  a 
patient  with  cerebral  concussion  may  either  recover  completely  in  a 
few  hours  or  days,  or  he  may  develop  symptoms  of  concussion-neurosis 
as  above  described.  Superadded  to  this,  by  auto-suggestion  or  by 
suggestion  from  without  (whether  from  injudicious  friends  or  from 
medical  officers) ,  he  may  develop  hysteria.  Similarly  a  patient  suffering 
from  fright,  or  from  neurasthenia,  or  from  some  local  organic  lesion, 
may  have  hysterical  symptoms  superadded;  and  so  on.  In  every  case 
it  is  of  the  utmost  importance  to  analyse  the  symptoms  with  scrupulous 
care,  so  as  to  recognise  the  different  factors  involved. 

Moreover,  war-neuroses  are  not  synonymous  with  shamming  or 
malingering,  the  characteristics  of  which  we  have  already  considered 
(p.  359). 

Finally,  the  presence  of  hysterical  phenomena  is  not  necessarily 
associated  with  actions  of  cowardice  in  danger.  On  the  contrary,  we 
occasionally  meet  with  instances  of  hysteria  in  soldiers  who  have 
behaved  with  conspicuous  gallantry. 

Thus,  for  example,  a  left-handed  Irishman  at  Gallipoli,  during  an 
encounter  with  the  enemy,  bayoneted  ten  or  twelve  men  single-handed. 
He  sustained  numerous  bayonet- wounds  himself  in  the  combat,  all  on  the 
right  side  of  his  trunk  or  limbs,  for  which  he  was  admitted  to  hospital. 

On  examination  a  few  days  later,  he  was  found  to  have  right-sided 
hemi-ansesthesia  of  the  trunk  and  limbs,  of  typically  hysterical  character, 
together  with  a  hysterical  spasm  of  the  right  thumb,  where  one  of  his 
wounds  was  situated.  Under  curative  suggestions,  both  sensory  and 
motor  paralyses  completely  disappeared.  This  man  was  recommended  by 
his  commanding  officer  for  the  Victoria  Cross. 
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Abadie's  sign  of  tabes,  190,  200 
Abdomen,  wall  of,  motor  points  (Erb's 

diagram),  402 
Abdominal  di.st«nsion,  hysterical,  551 

—  reflex,  significance  of  absence,  314 

—  sympathetic,  diseases  of,  pigmentary 
changes,  cutaneous,  350 

visceral  disorders  of,  340 

Abductor  palsy  of  larynx,  161,  162 

Aboulia,  364 

Abscesses  of  brain,  463,  477 

aphasia  from,  98 

cerebro-spinal  fluid  in,  422,  424 

fits  due  to  cortical,  71 

headache  due  to,  168 

meningitis,  and  differential  dia- 
gnosis, 61 

Al^inthc  poisoning,  coma  and  convul- 
sions from,  69 

"Acetone"  breath,  62 

Achilles-jerk,  321 

Achromatopsia,  120 

Acromegaly,  121,  289,  455 

—  transient,  in  pregnancy,  25 
Acro-paraesthesia,  351 

—  hysterical,  following  wound  of  elbow, 
547 

Active  muscle  sensation,  186 
Addison's  disease.  350 
Adductor  foot  reflex,  316 

—  paralysis  of  larynx,  162 
Adhesions,  meningeal,  in  brain  wounds, 

472 

Adiposis  dolorosa  (Dercum's  disease),  288 

Adiposo-genital  dystrophy,  456 

Adrenalin  excess  in  blood-stream,  537 

Aerial  conduction,  151 

Aerophagy,  395 

"  Affekt-epilepsie  "  in  pyschasthenia,  70 

Afferent  impulses,  2,  13  e/  seq. 

path  of.  12,  13,  15 

Ageusia,  140 

Agnosia,  105 

Agoraphoria,  366 

Agraphia,  97,  103 

Aichmophobia,  366 

Air-swallowing,  305 

Akinesia  algera,  185 

Albinism,  nystagmus  in,  131 

Albumin,  excess  in  cerebro-spinal  fluid, 
418 

Albuminuria,  orthostatic,  349 

Albuminuric  retinitis,  diagnostic  signi- 
ficance, 70 


Alcohol,  intolerance  to,  after  concussion, 

541,545 
Alcoholism,  amblyopia  of,  120 

—  articulation  in,  1 10 

—  ataxia,  260 

—  coma  and  convulsions,  61,  69 

—  facial  paralysis  in,  149 

—  factor  in  nervous  diseases,  49 

—  gait  in,  281 

—  insomnia  in,  441 

—  men  and  women,  effects  in,  49 

—  neuritis  from,  49 
multiple,  201,  227 

—  paralysis.     See  Neuritis 

—  Quinquaud's  sign,  81 

—  toxic  vertigo,  155 

—  tremor,  81 
Alexia,  101 

Algia,  hysterical,  547 

Algid  type  of  malaria,  350 

Allocheiria,  188,  191,  383 

'*  Allongement  crois^,  phenomdned',"  215 

Alopecia,  localised,  302 

—  universal,  303 

Alternate  paralysis,  204,  212,  461 
Amaurosis,    381.      See    also    Blindness, 

hysterical 
Amaurotic  family  idiocy,  123 
Amblyopia,  crossed,  39,  120,  121 

in  hysteria,  381,  382 

in  tumours,  451 

—  tobacco,  120 

—  traumatic,  382 
Ambulatory  automatism,  69,  386 
Ammonium  sulphate  test  for  globulin,418 
Amnesia,  retrograde,  54 

Amabic  brain  abscess,  463 
Amyotonia  congenita,  274 
Amyotrophic   lateral   sclerosis,  78,    109, 

216,  220,  323 
Amyotrophy,  neurotic,  progressive,  221 
Anaemia,  cerebral,  causing  sleep,  433,  435 

causing  vertigo,  154 

due  to  hsematoma,  473 

headache  of,  168,  170 

mydriasis  in,  124 

optic  neuritis,  122 

primary  thrombosis  of,  sinuses  in,  59 

tirmitus  in,  153 

Ansesthesia,  193 

—  auto-exploration  of  sensibility,  180 

—  cortical,  190 

—  crossed,  14 

I   —  c  utaneous,  33,  35,  200,  223,  482 
C8 
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Anaeithedia,  dissociated,  191,  198,  258 

—  dolorosa,  174,  182 

—  hemi-anaesthesia.     See  that  title 

—  hysterical,  193,  375-380 
diagrams,  376-380 

mode  of  disappearance,  380 

—  leprous,  201 

—  mapping  of  areas,  187,  202 

—  in  multiple  neuritis,  201 

—  para-anajsthesia,  191,  197 

—  in  peripheral  neuritis,  183 
palsies,  200 

—  spinal,  after-effect  of,  432 

—  —  contra-indications  to,  432 
mode  of  inducing,  429-432 

—  of  spinal  lesions,  196 
incomplete,  198 

—  tabetic,  198 

—  tactile,  191 

—  thermo,  191,  198 

—  in  tubercula  dolorosa,  183 

—  universal,  of  hysteria,  193,  194 
Anaesthetics,  delayed  poisoning  by,  63 

—  spinal,  examples  of  solutions,  430  note 
Anal  reflex,  internal,  329,  332 

—  reflexes,  superficial,  313,  317 
Analgesia,  191,  199 

—  in  tabes,  191,  199 
Anarthria,  articulative,  97,  104 
Aneurisms,  intra-cranial,  152,  463 

—  pulsating  sounds  with,  152,  463 
Angina  pectoris,  176,  349 
Angio-neuroses,  48,  350-357 
Angio-spastic  hemiplegia,  248 
Anidrosis,  localised,  345,  355 
Anisocoria,  124 
Ankle-clonus,  214,  278,  324 

—  inhibition  of,  214 

— .spurious,  214,  325,  394 
Ankle-jerk,  321,  324 
Ankylostomiasis,  438 
Anorexia  nervosa,  287,  395 
Anosmia,  47,  74,  116,  142 

—  hysterical,  550 

—  with  brain  tumours,  488 
Anterior  cornua,  cells  of,  2,  27,  78 

deep  reflexes,  loss  of,  323 

lesions,  78,  217-221 

motor  palsy  in,  217,  219 

tract  through,  2,  27 

posture  in  muscular  paralysis  from, 

262 

—  crural  paralysis,  224-226 

—  nerve     roots.      See     Spinal     Nerves, 
Roots 

—  polio-myelitis  (infantile  paralysis),  218- 
220 

acute,  218 

chronic,  219 

loss  of  deep  reflexes  in,  323 

—  transverse  gyrus  of  Heschl,  39,  96,  451 
Anthropophobia,  366 

Antrum  of  Highmore,  empyema  of,  116 
Anuria,  hysterical,  397 
Anxiety -neurosis,  554 
Aphasia,  95  et  seq. 


Aphasia,  auditory,  96,  99,  451 

—  cortical  centres  involved  in,  96,  97.  102 

—  dysarthria  distinct  from,  107 

—  functional  or  temjwrary,  98 

—  hysterical,  104 

—  lachrymosity  in,  49 

—  Marie's  views,  97,  104 

—  motor,  96,  97,  102,  103,  449 

—  scheme  for  investigation  of,  98 

—  sensory,  96,  97,  100-102 

—  sub-cortical,  99 
motor,  103 

—  total,  104 

—  visual,  96,  101 
Aphemia,  97 

Aphonia,  hysterical,  113,  161,  371,  398, 

548 
Apoplexy,  diagnosis  of,  63,  418 

—  delayed  traumatic,  57 
Appendicitis,  pseudo-,  396 
Apraxia,  105 

—  in  callosal  tumour,  454 

—  in  relation  to  corpus  callosum,  106 

—  mode  of  testing  for,  105 
Arachnoidal  sac,  414 
Argyll-Robertson  phenomenon,  126 
Arithmomania,  366 

Arm,  cerebral  paralysis  of,  5 

—  sensory  fibres  from,  16 

Arsenical  poisoning,  cutaneous  affections, 
299 

multiple  neuritis  due  to,  228 

Arteria  fossae  Sylvii,  42 
Arteries  at  base  of  brain,  42 

—  cerebellar,  43 

—  cerebral,  41,  42 

thrombosis  of,  and  coma,  59 

diseases  of,  56 

—  of  spinal  cord,  43 
Arthritic  muscular  wasting,  237 
Arthropathies,  305-311 
Articulation,  disorders  of,  107-115 
alcoholic,  110 

ataxic,  109 

— •  —  in  acute  cerebellar  lesions,  109 

in  bulbar  palsy,  109 

in  chorea,  112 

deaf-mutes,  113 

in  disseminated  sclerosis,  109 

in  facial  palsy,  108 

in  Friedreich's  ataxia,  1 10 

functional  cortical  disturbance,  112 

in  general  paralysis  of  insane,  110 

hysterical,  113,  372 

idioglossia,  115 

infra-nuclear  and  nuclear  affections 

of,  108 

lalling  and  lisping,  114 

in  laryngeal  tabes,  1 10 

in  paralysis  agitans.  111 

of  palate,  108 

stammering,  1 12,  372 

supra-nuclear  affections  of,  1 10 

I   —  —  tests  of,  107 
tics' of.  113 

—  distinguished  from  speech,  107 


560 


NERVOUS  DISEASES 


Asphyxial  convulsions,  69,  73 
Associated  movements,  85,  208 
Astasia-abasia,  278,  390,  398 
Asteroognosis,  190 

—  in  lesions  of  parietal  lobe,  483 

—  with  brain  tumour,  451,  452 
Asthenia,  cerebellar,  23 

—  in  neurasthenia,  362 

Asthenic    bulbar   paralysis    (myasthenia 

gravis),  109,  244 
Asthenopia  in  neurastlfenia,  362 
Asthma,  dyspnoea  of,  351 
Astigmatism,  headache  of,  170 
Asynergia,  258,  455,  458 
Ataxia,  252 

—  alcoholic,  260 

—  articulative,  109 

—  cerebellar,  256,  258 

—  in  disseminated  sclerosis,  254,  260 

—  Friedreich's,  110,  256 

—  gait  in,  279 

—  hereditary  cerebellar,  258 

—  olivo-ponto-cerebellar,  258 

—  tabetic,  254 

—  vestibular,  255 
Ateleiosis,  457 
Athetasis,  48,  85,  86,  260 

—  figures  of  case,  86 

—  bilateral.  111 
Atonia,  cerebellar,  24 
Atopognosis,  188 

Atrophy,  acute  yellow,  coma  of,  64 
—-muscular,  203,  236 

arthritic,  237 

in  hysteria,  239,  392 

—  optic,  123 

—  progressive,  219 

—  Werding- Hoffmann  type,  220 
Auditivcs  and  visuals,  98 
Auditory  aphasia,  96,  90,  104 

of  brain  tumour,  451 

cortical  and  sub -cortical,  103 

—  centre,  39,  96,  97 

—  gyrus  (Flechsig'?),  39,  96 

—  nerve,  aflfections  of,  and  tests,  151 

—  path,  39  i 

—  tumours  of,  460 

—  word  centre,  96 

Aura  preceding  epilepsy,  66 
Auriculo-ventricular     muscle-bundle     of 

Kent  and  His,  74 
Auto-exploration  of  cutaneous  sensation. 

189 
Automatic    movements,    conjucate.    86 

276 
Automatism,  3 

—  ambulatory,  69 

—  hysterical,  386 

—  post-epileptic,^68 
Autonomic  nervous  system,  336 
lesions  of,  349,  350 

relation  to  drugs  and  glands,  338 

vagal  fibres  of,   158,    159,  336, 

338 
Auto-suggestion  in  war-neuro?e^,  539 
Avellis's  syndrome,  159 


Babinski's  combined  flexion  of  hip  and 
trunk,  206 

—  extensor  plantar  reflex,  315,  316 
Bacillus  botvlinua,  137 

Back,  "bent,"  type  of  war  hyst«ria,  548 
Bariny's  pointing  tests,  22,  255 

—  thermic  nystagmus,  130 

"  Barbed- wire"  psychosis,  544 
Basilar  artery,  41 
Bastian's  law,  326 
Bechterew-Mendel  reflex,  326 
Bedsores,  48,  231,  295 

—  absence  of,  in  hysteria,  397 
Bell,  nerve  of,  227 

Bell's  paralysis,  145 

Benedikt's  syndrome,  83,  212,  455 

Beri-beri,  228 

Biceps   muscle,   atrophy   from   anterior 

comual  lesion,  263 

innervation  of,  35 

reflex,  318 

Biemacki's  sign  in  tabes,  199 
Bikeles's  sign  in  brachial  neuritis,  178 

in  meningitis,  60 

Birth  convulsions,  73 

Bisection  test  in  hemianopia,  119 

Bi-temporal  hemianopia,  121 

Bladder,  disorders  due  to  lesions  of  cord 

or  Cauda  equina,  331,  332 

—  dribbling  from,  330 

—  in  hysteria,  394 

—  innervation  of,  331,  332 

—  reflex,  329,  330 

centres  for  contraction,  329,  330 

Blanching  of  hair,  302 
"  Bleeding   diseases,"    cerebral    haemor- 
rhage in,  56 
Blepharo-spasm,  92,  383,  386 
Blindness  in  amaurotic  family  idiocy,  123 

—  hysterical,  382,  549 

—  lesions  causing,  485 

—  quinine,  120 
Blood-pressure  in  coma,  55 

—  effect  of  pituitary  secretion  in,  25 
Blood-vessels,    angio-neurosis    affecting, 

350-357 
Blue-blindness,  120,  444 
Blue  oedema,  hysterical,  397 
Bones,  brittleness  in  disease,  305 

—  convulsions  following  injury  of  cranial, 
72 

—  sensory  fibres  from,  15 

—  trophic  changes  in,  303-305 
Botulism,  137,  438 
Brachial  neuralgia,  178 

—  neuritis,  178 

—  paraplegia,'  204 

—  plexus,  lesions  of,  344 

axillary,  523,  526,  527 

peripheral,  522 

supra-clavicular,  525,  526 

wounds  of,  522 

Brain,  abscess  of,  72,  98, 169, 424.  464,  477 

—  ana>niia  of,  1.54,  4.33 

—  anatomy  and  ])hysi()logy,  1-45 

—  art'Crial  supply,  41-43 
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Brain,  bullet-wounds  of,  473 

—  circulation  in,  arterial,  41 
venous,  44 

—  concussion  of,  53,  541 
headache  after,  171 

—  cortex,  histology  of,  4 

—  foreign  bodies  in,  470 

—  h{Binorrhage.     See  under  Haemorrhage, 
cerebral 

—  hyperaeniia  of,  154 

—  injuries,  focal  signs  of,  479-495 
cerebellar,  490 

frontal,  487 

occipital,  4S5 

organic  lesions,  493 

■  parietal,  489 

post-central,  482 

l>re-central,  479 

pre-  and  post-central,  483 

temporal,  488 

—  lesions,  palsies  due  to,  5-8 
sequela;  after,  492 

—  localisation  of  function,  4-9 

—  membranes,  innervation,  167 

—  motor  areas,  localisation  of,  4 

—  protective  coverings  of,  466,  467 

—  sensory  tracts  in,  facimj  15 

—  softening,  traumatic,  476 

—  traumatic    htcmorrhage    with    "  com- 
pression," 56 

—  tumours.     See  under  Tumours,  intra- 
cranial 

—  wounds  of,  466-495 

pathological  results:  abscess,  477; 

haemorrhage,  473;  hernia  cerebri, 
478;  meningitis,  477;  oedema,  477; 
optic  neuritis,  479;  protective  cover- 
ings of,  466,  469;  softening.  476 

Breathing  in  cerebral  concussion,  53 

—  in  hajmorrhage,  55 

—  in  diabetic  coma,  63 

—  in  hysterical  trance,  64 

"  Breite?  Bein,"  Heilbronner's,  268 
Brissaud's  reflex,  315 
Broca,  cortical  centre  of,  43,  98,  104 
Brown-Sequard  paralysis,  9,  17,  191,  197, 
212,  504 

diagram  of  symptoms  of,  17 

Brudzinski'ssign  of  cerebral  meningitis, 60 
Bulbar  palsj%  109 

articulation  in,  109 

lachrymosity  in,  49 

mixed  electrical  reactions  in,  411 

pseudo-,  111,212 

tongue  tremors  in,  78 

unilateral  syndrome.  257 

—  paralysis      (glosso  -  labial      laryngeal 
paralysis),  78,  109 

—  ]ihonomena  in  Meniere's  disease,  156 
Bulbo-cavemosus  reflex,  317 
Bullet-wounds  of  the  brain,  473 
Bursting  fractures  with  extensive  brain 

contusion,  471 

Cadaveric  reaction,  408 
Caisson  disease,  181 


Calcarine  fissure,  38 

lesions  of,  122,  453 

Calmette's  ophthalmo-reaction,  464 
Camptocormia,  270,  548 
Capsule,  internal,  5,  7,  210 
Carbonic  oxide  poisoning,  542 
Carcinoma  of  brain,  444 

—  coma  of,  63 

Caries  (dental),  headache  due  to,  163 

—  neuralgia  due  to,  173 

—  spinal,  root  pains  with,  182 
Carotid     artery,     hemiplegia     following 

ligature  of,  493-495 
Carpo-metacarpal  reflex,  318 
Case-taking,  method  of,  46-52 
Catalepsy,  68,  385 

—  cerebellar,  24,  459 

Cataract  as  cause  of  nyctalopia,  118 

—  and  tetany,  76 
Catheterisation,  rigor  following,  77 
Cauda  equina,  injuries  of,  529 

lesions  of,  229-231,  507,  529 

anal  anaesthesia  from,  332 

bladder  trouble  in,  331 

bulbo-cavemosus  reflex,  loss  of, 

317 

bullet-wounds,  230,  507,  529 

gait  in,  282 

motor  paralysis  due  to,  223 

recto-perineal  pain  in,  182,  231 

relations    with    vertebral    column 

(diagram),  414 
Caudate  nucleus  (diagrams),  6,  7 
Causalgia,183,  356,  519 
Cavernous  sinus,  thrombosis  of,  45 
Cells,  nerve,  physiology  of,  1 
Cenaesthopat%,  337 
Central  scotomata,  119 
for  colours  in  tobacco  amblyopia, 

119,  120 

in  migraine  (transient),  119 

in  retro-bulbar  neuritis,  123 

Cephalalgia,  168 
Cerebellar  atonia,  24 
— ■  catalepsy,  24,  459 

—  fits,  76  ' 

—  gait,  259 

—  hypotonia,  24 

Cerebellum,  anatomv  and  physiology  of, 
18 

—  arterial  supply,  43 

—  ascending  tracts  in  connection  with,  29 

—  ataxia  or  asynergia,  23,  257,  258,  458 

—  cerebelk)-fugal  fibres  of,  20,  21 

—  cerebello-petal  fibres  of,  20 

—  connections  of  (diagram),  21 

—  cortex,  low  excitability  of,  21 
motor  centres  in,  22 

—  destruction,  results  of,  23 

equilibrium,  co-ordinating  centre  for,  21 

153 

—  indirect  action  on  spinal  cord,  21 

—  intoxication  of,  1 10,  260 

—  lesions  of,  and  disorders  of  articula- 
tion, 109 

ataxia  due  to,  253,  258»  259 

30 
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Cerebellum,  lesioua  of,  attitude  in  (lig>)> 
,     282,  459 

—  —  bilateral,  491 

— ' — dysarthria  in,  110 

dys-diadocho-kinesia,  259,  458 

fits  due  to,  76,  459 

forced  rotatory  movements,  459 

gait  in,  281 

hypotonia  in,  24,  274 

knee-jerks  in,  321 

motor  effects  of,  21,  22 

nystagmus  in,  1 13 

skew  deviation  of  eyes  from,  130, 

459 

unilateral,  490 

vertigo  in,  153,  155 

—  lobes  of,  18 

—  nuclei  within,  19 

—  Ijeduncles  of,  20,  153 

—  pointing  tests  in  lesions  of,  22,  259 

—  section  through  (diagram),  19 

—  stimulation  of,  results  of,  23 

—  tracts  leading  to  and  from,  19 

—  tumours  of,  155,  171,  282,  458,  459 

—  wounds  of,  490,  491 
Cerebral  arteries,  ]>osterior,  41 
thrombosis  of,  and  coma,  59 

—  artery,  anterior,  4 1 
middle,  42 

—  ataxia,  260 

—  irritation,  54,  472 

—  localisation,  4 

—  meningitis,  coma  from,  60 

—  sinuses,  thrombosis  of,  45,  59 

—  See     also    under     Abscesses,     Brain, 
Haemorrhage  and  Tumours 

Cerebro-spinal  fluid,  48,  413-432,  467 

bacteria  in,  422 

cells  of,  417,  423 

—  • —  in  cerebro-spinal  syphilis,  425-427 
chemical  characters,  418 

coagulation,  massive,  in,  419 

colloidal  gold-reaction  of,  420,  421 

cytology  of,  423 

lymphocytosis    in,    69,    175,    250, 

295,  423 

microscopic  examination  of,  422 

parasites  in,  423 

permanganate  reaction  of,  420 

physical  characters,  417 

pleocytosis  in,  423 

in  polio-encephalitis,  73 

in  polio-myelitis,  424 

pressure  of,  416 

puncturing  for.  See  Thecal  punc- 
ture 

source  of,  413 

tumour  colls  in,  423 

Wassermann  reaction  in,  419 

xanthochromia  of,  419 

C.-rebrum,  sensory  tracts  of  (diagram),  14 

Cervical  i>lexus,  29,  30 

—  region  of  cord,  lesions  in,  125,  20i,  212 
muscular  localisation  of,  35 

—  sympathetic,  course  and  distribution, 
123,  139,  163,  340 


Cervical  sympathetic,  in  diagnosis,  48 

excision  of,  347 

lesions  of,  341,  349 

oculo-pupillary  fibres,  course  of,  340 

paralysis  of,  from  brachial  plexus 

rupture,  344 

from  tumour,  342 

symptoms  of,  341 

stimulation  of,  343,  348      ■ 

clinical,  347 

sweat  fibres  supplied  by,  346 

Cervico-brachial  plexus  and  its  branches, 

29 
Charcot's  "grand  hysterie,"  384 

—  "  migraine  ophthalmoplegiquc,"  138 

—  tabetic  joints,  306 

Charcot  and  Marie's  progressive  neuritic 

amyotrophy,  221 
Chemosis,  45 

Chloral  poisoning,  tremor  in,  81 
Chloroma,  cerebro-spinal  fluid  in,  424 
Chorda  tympani,  140,  144,  147,  150 
Chorea,  84 
• — articulative  defects  in,  112 

—  ataxia  in,  260 

—  bedsores  in,  295 

—  gait  in,  285 

—  Huntington's,  85 

—  hyoscine,  85 

■ —  rheumatic,  84 

—  tic  distinct  from,  89 
Choroid  artery,  anterior,  41 
- — gland,  413 

Chvostek's  sign  in  tetany,  75 
Cigarette  smoking,  toxic  effects  of,  81 
CiUary  ganglion,  124,  136 

degeneration,  136 

■ —  ■ —  (diagram),  126 

—  muscle,  innervation  of,  124 

(diagram),  126 

Cilio-spinal  centre  (diagram),  340 

—  reflex,  48,  327,  343 
"  Circle  of  Willis,"  41 
Circumflex  nerve,  30 
Circumvallate  papillse,  141 

"  Claudication    intermittente,"    arterial, 
181,  185,  247,  354 

—  cerebral,  248 

—  spinal,  248 

—  unilateral  and  intermittent,  535 
Claustrophobia,  366 

Clavus  hystericus,  171 
"  Claw-hand,"  265 
Clonus,  324-327 

—  inhibition  of,  324 

—  pseudo-,  325,  394 

Cocaine,  injection  by  thecal  puncture,  429 

—  ocular  phenomena  produced  by,  125, 
343 

—  tremor  due  to,  81 
Coccygodynia,  178 

Cochlear  "fibres,  auditory  nerve,  39,  40, 
150 

—  and     vestibular     nerve     connections 
(diagram),  40 

Coffee  and  tea  poisoning,  tremors  in,  81 
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Cold  sensibility,  tests  for,  187 
Colitis,  muco-mcmbraiious,  349 
Colour-bliadness,  118 
Colour  vision,  tests  for,  118 
Coma,  52-64 

—  from  acute  encephalitis,  59 

—  of  acute  yellow  atrophy,  64 

—  of  alcoholic  intoxication,  61 

—  bladder  trouble  in,  331 

—  carcinomatosura,  63 

—  from  cerebral  concussion,  53 
haemorrhage,  55 

meningitis,  60 

—  from   chronic   subdural   haemorrhage, 
57 

—  diabetic,  62,  438 
ocular  tension  in,  63 

—  diagnosis  and  causation,  53 

—  hysterical  trance  and,  64 

—  malarial,  63 

—  of  opium  poisoning,  61 

—  of  pontine  haemorrhage,  59 

—  post-epileptic,  62 

—  and  sleep,  436 

—  in  Stokes- Adams  syndrome,  63 

—  in  sunstroke,  63 

—  in  thrombosis  of  cerebral  arteries,  59 
sinuses,  59 

—  toxaemic,  61 

—  from  traumatic  cerebral  compression, 
56 

—  uraemic,  62,  438 
"Coma-vigil"  of  typhus,  64 
Combined  flexion  of  liip  and  trunk,  206 
Comminuted  fractures  of  cranium,  470 
Commotio  cerebri,  541 
"Compensation-neurosis,"  540 
Compression,  cerebral,  56,  472 

headache  after,  171 

• —  of  peripheral  nerves,  517 
Concussion  of  brain,  53,  472 

—  of  nervous  system,  541 

—  of  peripheral  nerves,  517 
Concussion-lesions  of  spinal  cord,  496 
Concussion-neurosis,  545 

Condenser  discharges  in  electrical  reac- 
tions, 409 
Conditional  reflexes,  333 
Congenital  ptosis,  138 
Conjugate  automatic  movements,  86,  276 

in  diplegia,  85,  86,  276 

in  hemiplegia,  85,  86,  276 

—  deviation,  7,  135,  449 
Conjunctival   anaesthesia   in   fifth   nerve 

paralysis,  141 
■ —  conjunctival    reflex.      See     Reflexes, 
corneal 

—  nerve  supply,  139,  140 
Consciousness,  double,  364,  385 
Consonants,  articulation  of,  110,  114 
Constipation,  occipital  headache  of,  170 

—  spastic,  349 

—  toxic  vertigo  from,  155 
Contracture  of  upper  limb,  hysterical,  547 
Contractures,  liysterical,  393,  552 

—  organic,  208,  267-269,  327 


Contre-coup,  476 
Contusion,  cerebral,  53 
Conus  meduUaris,  lesions  of,  230 
Convulsions,  65-76 

—  generalised  epileptiform,  with  cerebral 
tumours,  443 

—  infantile,  72 

—  from  lead  poisoning,  69 

—  strychnine,  74 

—  uraemic,  70 

—  See.  aluo  Fits  and  Epilepsy 
Convulsive  attacks,  hysterical,  552 
Coprolalia,  89 

Coprophobia,  366 
Cordite-habit,  542  ' 
Corneal  reflex.     See  Reflexes 
Corona  radiata,  5 
Corpora  dentata,  19 

—  quadrigemina,  11,  37,  39,  124,  454 
Corpus    callosum,    relation    to    apraxia 

(diagram),  106 
tumours  of,  454 

—  striatum,  10 

Cortex  cerebri,  arterial  supply  of,  42,  43 

diagrams  of,  4 

lesions,  5 

anaesthesia  due  to,  195 

fits  in,  71 

motor  inco-ordination  in,  260 

P*lsy  from,  5,  210 

venous  supply  of,  44 

Cortical  anaesthesia,  190.     See  Ansesthesia 

—  cells  in  sleep,  434 

—  centres, 

auditory,  39,  97 

half  vision,  37,  38,  452,  453 

of  hunger  and  thirst,  41 

micturition,  330 

motor,  4-8 

lesions  of,  479 

olfactory,  36 

psycho-visual,  3^ 

sensory,  5,  16,  196 

recognition  of  spatial  relation, 

16 

of  speech,  96,  97 

(diagram),  96,  97 

maldevelopment,  114 

—of  taste,  39 

of  vision,  37 

of  writing,  96 

—  localisation,  4 

—  word-deafness,  99,  100 
Cortico-spinal     motor    neurone    lesions. 

See  Motor  paralyses 

—  tract  (diagram),  1 1 
Cough,  hysterical,  397 
Craft  palsies  and  cramps,  248 
Cramp,  250 

Cranial  bones,  headache  from  affections 
of,  168 

—  cavity,    penetrating    and   perforating 
wounds  of,  469,  470 

—  nerves,  116 

abducens  (sixth),  123 

lesions  of,  8,  124 
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Cranial  nerves, abducens  (sixth),  paralysis 
of,  8,  45,  134,  137,  447,  461 

auditory  (eighth),  150-157 

cochlear  division,  39,  150 

diagrams  of,  117,  118 

vestibular  division,  150 

facial  (seventh),   141-150 

lesions  at  different  levels,  144- 

150 

motor  root,  144-160 

secretory    and    taste    fibres, 

course  of,  39,  144,  147,  150 

sensory  root  of,  39,  150 

wounds  of,  521,  522 

glosso-pharvngeal  (ninth),  39,  140, 

157 
course   of   taste   fibres    (dia- 
gram), 140 

hypoglossal  (twelfth),  163,  164 

paralysis  of,  163,  164 

unilateral,  108,  522 

nervus  intermedins  of  Wrisberg,  39, 

150 

oculo-motorius,  123 

paralysis  of,  83,  131,  211,  467, 

520 

olfactory  (first),  36,  116 

optic  (second),  37,  117 

patheticus  (fourth),  123 

paralysis  of,  45,  133 

recurrent   laryngeal,    paralysis    of, 

108,  160,  161 

short  ciliary  nerves,  125 

spinal  accessory  (eleventh),  161 

paralysis,  162,  163 

trigeminal  (fifth),  139 

cutaneous    supply    to    head 

(diagram),  139 

distribution  of,  139,  141 

incidence    of    rodent    ulcers 

over,  296 

lingual  branch,  140 

ophthalmic  division,  lesion  of, 

341 

pains  in  region  of,  173 

paralysis  of,  141,  142,  521 

sensory  root  of,  14,  39 

sweat     areas     corresponding 

with  distribution  of,  356 

taste  fibres,  course  of,  140 

vagus  or  pneumogastric  (tenth),  158 

autonomic  fibres  of,  158,  336 

paralysis  of,  159,  521 

vidian  ner\'e,  139 

wounds  of,  492,  519-522 

Cranio-cerebral  topography,  3 
Cranium,  fractures  of:  bursting,  47 1 ;  com- 
minuted,   470;    compound,    468;    de- 
pressed, 468;  fissured,  468,  470;  gutter, 
468;  punctured,  468,  470 
Cremasteric  rfficx,  313,  317 
Crimes  in  post-epileptic  automatism,  69 
Crossed  amblyopia,  39,  120,  121 

in  hysteria,  120 

in  tumours,  451 

—  auKsihesia,  14 


Crossed  amblyopia,  hemi-aaaesthesia,  15, 
196 

—  paralysis,  8,  48,  204,  462 

Cms  cerebri,  lesions  of,  8,  83,  211,  456 

motor  palsy  due  to,  211 

tegmental  region,  83 

Cuneate  lobule,  visual  half-centres  in, 
lesions,  122 

Curtain  movement  of  pharynx,  in  glosso- 
pharyngeal paralysis,  15S 

Cutaneo-gastric  reflex,  327 

Cutaneous  areas  of  peripheral  nerves,  32 

of  posterior  roots,  33 

—  sensibility,  13,  187-190 

loss  of.     See  Anaesthesia 

recovery  of,  227   ' 

tests  for,  187 

Cyanosis,  local,  in  anterior  polio-myelitis, 

355 

in  erythromelalgia,  352 

in  Raynaud's  disease,  351 

— ■  of  brain-tissue,  473 

Cysticercus  in  fourth  ventricle,  diagnosis, 

155 
Cyto-diagnosis    of    cerebro-spinal    fluid, 

423-427 

Dartos  reflex,  327,  332 
Deaf-mutism,  113 

—  in  children,  113 

—  as  war -neurosis,  114 

Deaf ness, /actn<7  147,  151,  156,  475 

—  due  to  drugs,  153 
~  hysterical,  152,  550 
Decerebrate  rigidity,  86 

posture  in,  86 

Decompression  paraplegia,  181 
Decubitus,  acute,  295 

Deep  sensibility,  12 
Defaecation,  230,  312,  332 
"Defensive"  reflexes,  215 
Deformities,  gait  in,  286 
Degeneration,  ascending,  28 

—  descending,  27,  28 

—  progressive  lenticular,  84 

—  reactions  of,  409 

—  of  spinal  cord  combined,  254,  326 

—  Wallerian,  29 
Deiters'  nucleus,  19,  21 

focal  lesion  of,  157 

Delayed  traumatic  apoplexy,  67 
Delirium,  48 

—  tremens,  49,  81 
Deltoid,  atrophy  of,  218,  223 

—  paralysis  from  anterior  comual  lesion, 
262 

from  lesion  of  circumflex,  30 

Dementia,  bedsores  in,  296 

—  paralytica.     See  General  paralysis 

—  prsecox,  546 

Depressed  fractures  of  cranium,  468 
Dercum's  disease  (Adiposis  dolorosa),  288 
Dermatomes,  30 
Dermograj)hism,  133,  365 

—  in  hysteria,  397,  398 

Diabetes,  bilateral,  tic  douloureux  in,  173 
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Diabetes,  breath  in,  62 

—  coma  of,  62 

—  insipidus,  349 

—  multiple  neuritis  due  to,  228,  293 

—  optic  neuritis  in,  123 

—  perforating  ulcers  in,  293 
Diadocho-kinesia,  259,  458 
Diagnosis,  anatomical  and  pathological, 

50 
Diaphragm,  myoclonus  of,  78 
Diarrhoea,  hysterical,  396 

—  paroxysmal,  of  Addison's  disease,  350 

—  verborum,  371 

Dilator  pupiiiaj,  125,  139,  342 
Diphtheria,  neuritis  after,  127,  228 
Diplegia,  85,  204,  212,  276 

—  atonic-atasic  type  of,  277 

—  causes  of,  5 

—  conjugate   automatic    movements   in, 
85,  86 

—  definition  of,  204 

—  spastic,  276,  279 
Diplococcus  intra-cellularis,  422 
Diplopia,  12:),  134 

—  false  image,  position  of,  129,  134 

—  gait  with,  281 

—  monocular  (hysterical),  383 

—  ocular  vertigo  with,  155 

—  tests  for,  128,  129 

Dipsomania,  365.     See  also  Alcoholism 
Disseminated  sclerosis,  absence  of  abdo- 
minal reflexes  in,  314 

ataxia  in,  254,  260 

clonus  in,  325 

emotional  state  in,  49 

erythromelalgia  a  symptom  in,  352 

motor  paraplegia  due  to,  304 

— -■ — nystagmus  in,  131 

optic  atrophy  in,  123,  126 

staccato  speech  in,  110 

transient  paralysis  in,  251 

vertigo  in,  155 

in  war,  493 

Dissociated  anaesthesia,  191 

Disuse  of  injured  limbs,  237,  392,  542 

Dorsal  longitudinal  bundle,  11 

Double  consciousness,  365,  385 

Dreams,  distressing,  554 

Drop-foot  and  drop-wrist  in  peripheral 

neuritis,  201,  227 
Drowsiness,  47,  436-438 

—  hypnotic,  438 

—  pathological,  436-438 
Drug-habits,  365,  542 

Ductless  glands,  hyperactivity  of,  537, 555 
Dura  mater,  function  of,  467 
Dysaesthesia;,  167,  197 
Dysarthria,  107, 110.  *S^ee  a?so  Articulation, 

disorders  of 
Dysbasia  angio-sclerotica,  247 
Dysdiadocho-kinesia,  259.  458 
Dysphagia,  hysterical,  395 
Dyspituitarism,  455 
Dysthyroidism,  555 
Dystrophy,  muscular.     See  Myopathy 

—  myotonic,  246 


Ear,  auditory  fibres  of,  39 

—  disorders,  gait  in,- 281 

herjies  of  external  auditory  canal, 

144,  150,  294 

otitis  media.     See  that  title 

tinnitus  from,  144 

vertigo  from,  154,  156 

—  inner,  afferent   impulses   from    semi- 
circular canals,  153 

Echolalia,  89 

Ectopia  pupillfe,  125 

Electricity,  abnormal  reactions,  408-412 

—  condenser  reactions,  409 

—  faradic  reactions,  405 

—  galvanic  reactions,  405 
— •  polar  reactions,  406 

—  reactions  of  degeneration,  409 
Electro-diagnosis,  400-412 
Electro-prognosis,  411,  412 
Elephantiasis  nervorum,  298 
Embolism,  cerebral,  41,  43,  98 
Emotion,  acute,  memory  of,  538 
Emotional  shock,  536 
Encephalitis,  acute,  59 

—  lethargic,  137,  438 

—  suppurative,  477 
Encephalomalacia,  169 
Endarteritis,  progressive  local,  following 

nerve  injuries,  3'J9 
Enophthalmos,  48,  342,  344,  345 
Enteric    fever,    absence    of    abdominal 

reflexes  in,  314 

—  —  "  coma-vigil  "  of,  64 

headache  of,  170 

Enuresis,  331 

Eosinophilia  of  cerebrospinal  fluid,  155 
Epicritic  cutaneous  sensibility,  13 

— loss  of,  200 

recovery  of,  226 

test  of,  187 

Epigastric  reflex,  313 
Epilepsy,  66  et  seq. 

—  bilateral,    excision    of    cervical   sym- 
pathetic for,  347 

—  chronic  posture  and  gait  in,  285 

—  distinguished  from  hysteria,  66  e<  seq.; 
and  Meniere's  disease,  157 

—  gait  in,  285 

—  Jacksonian,  65,  70-72,  195,  447-449 

—  lymphocytosis  following,  68 

—  major  or  "grand  mal,"  68 

—  masked  or  larval,  69 

—  minor  or  "  petit  mal,"  68,  250 
— -  post-epileptic  automatism,  68 

—  —  coma,  62 

—  —  sleep,  437 

—  premonitory  symptoms,  66 

—  sudden  falling,  250 

—  in  war,  556 
Epileptiform  fits,  66,  70,  73 
in  alcoholics,  69 

—  —  aphasia  following,  98 
in  asphyxia,  69 

in  cerebellar  disease,  76,  459 

—  —  cerebral,  classification  of,  65 
deep  reflexes,  abolition  of,  324 
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Epileptiform    fits,    distinguished    from 
hysterical  fits,  66 

in  general  paralysis  of  insane,  70 

headache  following,  170 

head-injuries,  sequelae  of,  492 

infantile,  72 

in  intra-cranial  tumours,  70,  445 

Jacksonian.     See  Epilepsy 

myoclonus  allied  with,  7S 

in  psychasthenia,  70 

sensory,  71 

in  Stokes-Adams  syndrome,  62,  73 

toxic,  72 

vertigo,  an  aura  of,  155 

Epistaxis,  44,  169  . 

Equilibrium,  afferent  fibres  for,  17 

—  centre  for,  21,  153 

—  nerve  of,  150 

Erb's  juvenile  atrophic   myopathy,  236,  \ 
237,  238,  241,  242 

—  motor  points,  401-407  j 

—  tetany,  sign  in,  75  • 
Ereutophobia,  366  I 
Ergotism,  tetany  from,  76 
Erythromelalgia',  48,  181,  185,  352 
Eulenburg's  diseause  (Paramyotonia  con- 
genita), 246 

Eunuchism,  pituitary,  457 

Eustachian    tube,    obstruction    causing  j 
vertigo,  153 

Exhaustion,   neurasthenia  induced    by, 
541 

Exhaustion -neurosis,  553 

Exophthalmic  goitre,  alopecia  in,  303 

blood-changes  in,  348 

cramp  in,  250 

cutaneous  pigmentation  in,  350 

dermographism,  355 

von  Graefe's  sign,  348 

intestinal  symptoms,  349 

Moebius's  sign,  133 

stimulation  of  sympathetic,  symp- 
toms due  to, 348 

tremor  in,  81 

tremulous  respiration,  81 

Exophthalmos,  48,  222,  347 

Eye,  muscles  of — 

—  innervation  of,  1 32 

—  paralysis  of,  39,  45,  84,  128-138,  210, 
455 

Eyebrow  in  third  nerve  paralysis    and 

hysterical  ptosis,  132 
Eyes,  "conjugate  deviation"  of,  7,  86, 

135,  276,  449.     8te  also  under  Optic, 

Pupils,  and  Vision 

Facial  anicsthesia,  lesions  causing,  14,  140 

—  hemi-atrophy,  progressive,  142,  304 

—  hemispasm,  91,  92,  147,  460 

—  motor  points,  Erb's  diagram,  401 

—  muscles,  innervation  of,  144-149 

—  palsy,  14.5-150 

—  — articulative  difficulty  in,  110 
auditory  nerve  disease  accompany- 
ing, 161 

contracture  secondary  to,  146 


Facial  palsy,    lesion    of   sixth    nucleus 

associated  with,  137,  147 
Facio-scapulo-humeral    myopathy,    109, 

233,  236,  237 
Fa'ces,  incontinence  of,  332 
Fallopian  aqueduct,  140,  144,  147 
Family  amaurotic  idiocy,  123 

—  gangrene,  353 

—  history  in  nervous  disesise,  46 

—  periodic  paralysis,  249,  323,  353,  408 

—  progressive  hypertrophic  neuritis,  222 
Faradic  electricity,  400  et  seq. 

—  reactions,  405 

Fatigue,  temporary  ataxia  due  to,  260 

—  tremor  of  muscular,  81 
Fear,  acute,  636 

Fevers,  bladder  trouble  in,  331 
Fibrillary  movements,  49,  78 
Fillet,  39 

—  degeneratiMi,  29 

—  superior  decussation  of,  16 
Fissured  fractures  of  cranium,  468,  470 
Fissures,  calcarine,  37 

—  lesions,  113,425 

—  parieto-occipital, 

—  Rolandic.  4,  14 

—  Sylvian,  3,  4,  20,  39 
Fits,  65-76 

—  alcoholic     and     absinthe     poisoning 
causing,  69 

—  asphyxia!,  69 

—  cerebellar,  65,  76,  459 

—  cerebral,  66 

—  classification  of,  65 

—  cortical  lesions  and,  70-72 

—  epileptiform.    See  Epileptiform 

—  hysterical    See  Hysteria 

—  infantile,  72 

—  Jacksonian.     See  under  Jacksonian 

—  scheme  of  investigation,  66 

—  strychnine  causing,  74 

—  in  sub-cortical  tumours,  70,  72 
Flaccid  paralysis,  28,  208,  217-230,  388 
Flechsig  s  auditory  gyrus,  39 

Focal  signs  of  brain  injuries,  479-535 
'  Folie  de  pourquoi,"  366 
Footprints  in  case  of  right  hemiplegia,  277 
Foramen  of  Key  and  Retzius,  416 

—  lacerum,  lesion  of,  165 

—  of  Magendie,  416 

Forced  rotatory  movements,  459 
Fore -arm  sign  of  Leri,  394 
Foreign  bodies,  abscess  due  to,  477 

in  the  brain,  470 

Formatio  reticularis,  lesions  of,  14 

Formication,  47 

Fractures  of  cranium,  varieties  of,  468 

—  depressed,  fits  due  to,  72 
Fragilitas  ossium,  305 

Freud's  theory   of   hysteria,   and   other 

psychoneuroses,  367,  538 
Friedreich's  ataxia,  110,  256 

articulation  in,  110 

deep  reflexes,  loss  of,  256,  323 

gait  in,  281 

Marie's  ataxia  compared  with,  258 
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Friedreich's  ataxia,  nystagmus  in,  131 

paramyoclonus  multiplex,  78,  80 

•  sensory  changes  in,  256 

spontaneous  movements  in,  88 

—  —  tab33  distinguished  from,  256 
Fright-neurosis,  555 

Frohlich's  syndrome,  456 
Frog-like  myopathic  gait,  283 
Frontal  lobes,  lesions  of,  487 
Fro3t-bite  contrasted  with  trench  foot, 

354 
Functional  and  organic  disease,  boundary- 

lin3  between,  50,  358,  398 
— •  —  —  combined,  51 
Fundus,  ocular,  pathological  conditions 

of,  122,  123 

Gait,  275-286 

—  ataxic,  253,  279 

—  cerebellar,  247,  259,  281 

—  in  chorea,  285 

—  of  chronic  epilepsy,  285 

—  in  cysticercus  of  fourth  ventricle,  155 

—  in  deformities,  286 

—  frog-like,  myopathic,  283 

—  in  hemiplegia,  276 
— •  high-stejiping,  282 

—  hysterical,  278,  390-393 

—  in  lacunar  hemiplegia,  277 

—  of  paralysis  agitans,  284 

—  in  peripheral  neuritis,  282 

—  reeling  or  titubating,  281 

—  'scissor,"  276 

—  side  (Flankengang),  278 

—  spastic,  276 

—  testing,  mode  of,  275 
Galvanic  electricity,  400 

—  reactions,  405 

—  vertigo,  154 

Ganglion.    See  Ciliary,  Gasserian,  Geni- 
culate, etc. 
Gangrene,  family,  353 

—  symmetrical,  of    Raynaud's    disease, 
296,  351 

Gasserian  ganglion,  125, 126, 140, 143, 340 

—  inflammation,  294 

General    paralysis    of    insane,    Argyll - 

Robertson  phenomena  in,  124,  126 

articulation  of,  110 

cerebral  haemorrhage  in,  56 

cerebro-spinal  fluid  in,  421-426 

deep  reflexes,  loss  of,  322 

epileptiform  fits  in,  70 

hemiplegia  in,  250 

pachvraeningitis    hemorrhagica 

in,  58 

pupils  in,  124,  126 

tremors,  spontaneous,  in,  88, 110 

in  war,  493 

Geniculate  ganglion,  facing  140, 144, 147, 

150 

inflammation  of,  144,  150,  294 

Genital  reflex,  327 

Genu  recurvatum,  271,  273 

Giddiness,  134,  147,  153  el  seq.,  169,  428, 

445.     See  also  Vertigo 


Gigantism,  289,  455 
Girdle-pains  of  tabes,  174 
Glaucoma,  symptoms  of,  120,  168 

—  excision  of  cervical  sympathetic  for, 
346 

Gliomata,  463 

Globulin  in  cerebro-spinal  fluid,  tests  for, 

418 
Globus  hystericus,  68,  74,  384,  395 

—  pallidus,  10 

Glosso-labial  hemi-spasm,  270,  389 

Glossy  skin,  48,  292 

Gluteal  reflex,  313 

Glycosuria,  155,  291,  34^  456,  462 

Gold  reaction,  colloidal,  420-422 

Goldflam's  sign  of  intermittent  claudica* 

tion,  247 
Gordon's  paradoxical  flexor  reflex,  316 
Gowers'  tract,  fibres  of,  14 
Grasset  and  Gaussel's  test,  206 
Graves'      disease.      See      Exophthalmic 

Goitre 
Gumma,  intra-cranial,  174,  462 

—  fits  from,  71 

—  headache  due  to,  169,  171 

—  neuralgia  due  to,  174 
Gustatory  path,  39,  140 
Gutter  fractures  of  cranium,  468 
Gyrus,  angular,  arterial  supply,  43 
cortical  lesion,  120,  451 

visual  word  centre,  38,/aci«g'96, 102 

—  auditory  (Flechsig's),  39 

—  Heschl's,  39,  96 
tumours  of,  451 

—  lingual,  39 

—  post-central,  lesions  of,  482,  483 

—  pre-central,  lesions,  479 

—  uncinate,  lesions  of — 

fits  due  to,  72,  451 

olfactory  centre,  36 

disorders  of,  116 

tumours  of,  451 

Habit-spasm,  89,  92,  386,  398 
Hsematoma,  results  of,  473 
Hsematomyelia,  from  wounds,  4€6 
Hajmoglobinuria,  paroxysmal,  352 
Haemophilia,   cerebral    haemorrhage    in, 

56 
Haemorrhage,  cerebral,  aphasia  from,  98 
artery  of  (diagram),  42 

—  —  at  birth,  73 

blood-pressure  in,  56 

—  — ^  cerebro-spinal  fluid  in,  417 
in  children,  56 

coma  in,  35 

contusion  by,  473 

by  conte-coup,  474,  476 

extra-dural,  56 

fits  due  to,  72 

in  general  paralysis  of  insane,  50 

headache  preceding,  169 

Meniere's    disease    distinguished 

from,  157 

laceration  by,  473 

spontaneous,  55,  56 
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HsBJiorrhage,    cerebral,     sub-arachnoid, 
cerebro-spinal  fluid  in,  416 

subdural,  chronic,  67 

traumatic,  473 

trophic  changes  in  nails,  303 

vertigo  from,  1">4 

—  chronic  Hubdural,  57 

—  pontine,  59 

Hair,  blanching  of,  142,  302 

—  falling  of,  302,  303 

—  in  progressive  facial  atrophy,  142 

—  trophic  changes,  300-302 

Half- vision  centres,  38,  39,  452,  463 
Hallucinations,  auditory,  152 

—  olfactory,  116 

—  pain,  hysterical  hallucinations  of,  372 

—  visual,  72,  453 

Hand,  deformities  of,  265,  266 

Haphalgesia,  383 

Harman's  chart  showing  movements  of 

ocular  muscles  and  position   of  false 

image  in  paralysis,  128 
Head,  injuries  of,  coma  in,  53,  56 
sequelae  after,  492 

—  wounds  of,  468-471 
Headaches,  168 

— ■  angio-neurotic,  171 

—  clavus  hystericus,  171 

—  concussion  following  cerebral,  171 

—  of  congestive  glaucoma,  168 

—  due  to  tumours  of  brain,  443,  444 

—  gastric,  170 

—  of  gross  intra-cranial  disease,  154, 169 

—  hysterical,  171,  372 

—  local  causes  (extra-  and  intra-cranial), 
168,  b69 

—  in  M^ni^re's  disease,  156 

—  migrainous,  1 72 

—  neurasthenic,  170 

—  post-epileptic,  170 

—  reflex,  170 

—  in  sunstroke,  170 

—  toxic,  170 

—  unilateral,  171 
Head-rolling,  83 

Hearing.     See  under  Auditory 

Heart,  '"soldier's,"  542 

Heat  sensibility,  tests  for,  187 

Hsine-Medin  disease.  See  Infantile  spinal 

paralysis 
Helicoid  visual  fields  in  hystero-neuras- 

thenia,  382 
Hemeralopia,  118 
Hemi-achromatopsia,  120 
Homi-anaBsthesia,  191-194 

—  crossed,  9,  18,  191,  193,  196,  197 

—  hysterical,  segmental  type,  193,  379- 
381 

—  organic,  191-194 

cortical  and  sub-cortical,  195,  449 

lesions   causing  (diagram),  15,  17, 

196,  454 

sub-thalamic,  196 

thalamic,  83,  195.  454 

Hemianopia,  bisection  test  in,  119 

—  bl-tfmpjral,in  pituitary  tumours,  457 


Hemianopia,  definition  and  cau8e,120-122 

—  diagrams,  38,  121 

—  homonymous,  121 

—  horiz  >ntal,  superior  and  inferior,  38 

—  inferior,  38 

—  lesions  producing,  8,  38,  120-123,  453, 
485 

—  quadrantic,  38,  122 

—  varieties  of,  119,  120,  121 

—  Wernicke's  pupillary  reaction  in,  127, 
453 

Hemiataxia  in  lesions  of  optic  thalamuf, 

260 
Hemiatrophy,  facial,  142,  302 
Hemicrania,   hysterical,   373,      See   aho 

Migraine 
Homi-hyperaesthesia,  hysterical,  373 

—  thalamic,  192 
Hemi-hypertrophy,  facial,  290,  291,  3C3 

(fig.),  304 
Hemiopic  pupillary  reaction,  127,  453 
Hemi-paraplegia,  48 
Hemiplegia,  204 

—  alternate,  205 

—  angio-spastic,  248 

—  aphasia  in,  98,  1 10 

—  apraxia  in,  105,  106 

—  articulation  after,  110 

I  —  ataxia  associated  with,  260 

—  athetosis  following,  85 
(fig.),  86 

—  bed-sores  in,  295 

—  bilateral,  111,204 

—  bone  changes  in,  305 

—  capsular  lesion  causing,  7,  8 

—  chronic,  304-307 

—  combined  flexion  of  hip  and  trunk, 
206  (fig.),  207 

—  conjugate  automatic  movements  in,  86 

—  crossed,  205,  461 

—  definition  and  forms  of,  204 

—  dolorosa,  167 

—  double,  204 

—  gait  in,  276-278 

—  in  general  paralysis,  250 

—  Grasset  and  Gaussel's  sign  of,  206 

—  with  haemorrhages  under  finger-nails, 
299 

—  headache  preceding,  169 

—  in  head  injuries,  57 

—  hysterical  (functional),  206,  269,  278 

absence  of  plantar  reflexes,  317 

anosmia  in,  116 

Leri's  forearm  sign  in,  394 

—  infantile,  267,  304  (fig.) 

—  ipso-lateral,  120 

—  joint  affections  in,  chronic,  309 

—  lacunar,  59,  277 

—  left,  showing  combined  flexion  of  hip 
and  trunk  (photo),  207 

—  lesions  causing,  diagnosis,  59,  83,  418, 
446 

—  ligature  of  carotid  artery  followed  by, 
493-495 

—  loss  of  certain  reflexes  in,  317 

—  muscular  wasting  in,  237 
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Hemiplegia,  pandiculation  in,  87 

—  posture  in,  266 

—  synkinesia  in,  87 

—  thrombosis  causing,  in  war,  494 

—  transient,  248,  250 

—  tumours  causing,  446  et  seq. 

—  visual  fields  in  cases  of  (diagram),  3S1 
Hemi-spasm,  91 

Herd-instinct,  development  of,  537 
Hereditary  ataxia,  Friedreich's,  88,  256 

—  Marie's,  258 

Heredity,  effect  on  war-neuroses,  543 
Hernia  cerebri,  478 
Herpes,  facial,  144,  150,  294 

—  zoster,  175,  294,  300 

anseithesia  following,  201 

and  varicella,  175 

Heschl's  gyrus,  39,  96 

—  ^tumours  of,  451 

Hiccougli  in  intra-cranial  disease,  446 
High- velocity  bullets,  effect  of,  471 
Hippus,  126 

Holmgren's  test  for  colour  vision,  118 
Hughlings-Jackson's  syndrome,  165 
Hunger,  cortical  centre  for,  41 
Hunger-pains,  337 
Huntington's  chorea,  85 
Hydrarthrosis,  intermittent,  355 
Hydrocephalic  crj',  60 
Hydrocephalus,  acute,  464 
Hydrophobia,  74 

—  hysterical,  74 
Hyoscine  chorea,  85 
Hyperacousis,  147 

HyperaBmia,  cerebral,  153,  154,  169,  171 
Hvparaesthesia,  191,  192 

—  hysterical,  areas  of,  185,  192,  372,  374 

—  mapping  out  areas  of,  188 
Hyperalgesia,  193,  373 
Hyperidrosis,  localised,  356 
Hyperkeratosis,  514 
Hyper-metria,  cerebellar,  259 
Hyper metropia,  headache  from,  170 
Hyper-pyrexia,  56,  59,  170 
Hypersomnia,  436 
Hyper-thyroidism,  303 
Hypertrichosis,  300 

Hypsrtrophic   progressive   neuritis,   222, 

257 
Hypertrophy  of  muscles,  203 
Hypnotic  suggestion,  64,  438 

—  trance,  64,  438 

■  Hypo-sesthesia,  191 
Hypoglossal  nerve.    See  Cranial  nerves 

—  nucleus,  144,  164 

Hypothermia,  local,  in  traumatic  reflex 
palsies,  241 

—  general,  in  wounds  of  cervical  cord,  478 
Hypo-thyroidism,  303 

Hypotonia,  cerebellar,  24,  274 
— '  of  muscles,  272-274 

tabetic  (diagrams  of  cases),  272-274 

Hysteria,  366-399 

—  age  and  sex,  effect  of,  65,  398 

—  allocheiria  in,  188,  191,  383 

—  alternating  personality,  364,  385 


Hysteria,  ambulatory  automatism,  386 

—  anaesthesia.     See  Anaesthesia 

—  ankle-clonus,  spurious,  in,  207, 325, 394 

—  anosmia,  550 

—  aphasia  and,  104 

—  articulation  in,  113,  372 

—  ataxia  in,  261 

—  bio-chemical  changes  underlying,  50 

—  bladder  troubles  in,  394 

—  blindness,  549 

—  Charcot's  "grand  hysteric,''  67,  384 

—  in  children,  390,  398 

—  combination  with  organic  disease,  51 

—  concentric  contraction  of  visual  field, 
120,  382 

—  contractures  in,  268-271,  547 

—  cough  in, 397 

—  crossed  amblyopia  in,  39,  121 

—  deafness  in,  152,  550 

—  dermographism  in,  397,  398 

—  fits  in,  65,  383,  552 

classification,  65 

catalepsy,  68,  385 

distinguished  from  epileptic  fits,  66, 

384 

—  following  electric  shocks,  387,  388 

—  Freud's  views  on,  367 

—  gait  in,  278,  390-393 

—  glosso-labial  hemispasm,  270-389 

—  hemiplegia  distinguished  from  organic, 
206,  269 

— hydrophobia  simulated  by,  74 

—  hypersesthetic  areas  in,  185,  192,  372, 
374 

—  inhibition  deficient  in,  369 

—  joint-pains  in,  310,  373 

—  major,  65,  68,  384 

—  meteorism,  551 

—  minor,  65,  68 

—  monoplegia,  gait  in,  281 

—  motor  phenomena,  383-395 

—  muscular  wasting  in,  239 

—  narcolepsy,  438 

—  neurotonic  reaction  in,  408 

—  organic    disease    distinguished   from, 
50,  359,  397 

—  pains  in,  185,  372,  547,  549 
• — ■  paraesthesia  in,  383 

—  paralysis.   See  Paralysis,  hysterical 

—  paraplegia  simulating  injury  of  spinal 
cord,  497 

—  physical  symptoms,  369-372 

—  plantar  reflex  in,  diagnosis  of,  316 

—  post-epileptic,  68,  384 

—  postures  in,  268-270 

—  psvcho-analysis  in,  367 

—  ptosis,  132,  133 

—  reflexes  in,  67,  316,  317,  394 

—  sensory  symptoms,  372-383 
— ■  shock-amblyopia  and,  382 

—  skin  affections  in,  397 

—  spasms  in,  92-94 

—  speech  defects  in,  371,  372 

—  spinal  curvature  in,  270 
pains  in,  373 

—  suggestion  in  the  production  of,  539 
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Hysteria,  suggestion-neurosis,  546 

—  trance  of,  64,  385 

—  transient  paralysis  in,  251 

—  tremors  in,  551 

following  shell-explosion,  flS 

—  vaso-motor  phenomena  in,  395 

—  visceral  phenomena  in,  395 

—  vomiting  in,  395,  551 

—  war-neurosis  and,  547 
Hysterofrepic  and  hysterogenic  areas,  192 

374 

Idiocv,  amaurotic  family,  123 

Idioglossia,  115 

Idiopathic  muscular  atrophy,  232 

Immobility  of  limbs,  hysterical,  543 

Imperious  acts,  366 

Incontinence  of  urine,  periodic  reflex,  330 

Inco-ordination  (ataxia),  252 

—  articulative,  110 

—  cerebellar,  23,  256,  257,  468,  459 

—  due  to  fatigue,  260 

—  hysterical,  261 

—  from  lesions  of  rubro-spinal  tract,  260 

—  in  new-bom  child,  252 
~  post-febrile,  260 

—  pre-and-post  hemiplegic,  260 

—  m  progressive  hypertrophic  neuritis, 
257 

—  sensory  origin  of,  264  * 

—  tests  for,  252 

—  toxic,  260 

Infant,  new-bom,  movements  of,  3 
Infantile  convulsions,  72 

—  spinal  paralysis  (acute  anterior  polio- 
myelitis), 218-220,  304 

cerebro-spinal  fluid  in,  219 

lesions  causing,  36,  218,  219 

loss  of  deep  reflexes  in,  323 

trophic  changes  in  bones  in,  304 

Infantilism,  457 

Infundibulum,  tumour  of,  436 

Inguinal  region,  hysterical  tender  spots  in, 

374 
Inion,  4 

Injuries,  spinal  symptoms  of,  17,  18 
Insanity,  toxic  varieties  of,  49 
Insomnia,  439-442 

—  alcoholic,  441 

—  drug?,  use  of,  in,  442 

—  emotional,  458 

—  extrinsic.  439 

—  and  insanity,  442 

—  intrinsic,  440 

—  primary  or  nervous,  441 

—  toxic,  440 

—  vascular  causes,  440 
Instincts,  pimary,  537 

Intermittent  arterial   claudication.    181, 

186,  247.  354 
( ioldflam's  sign  in,  247 

—  cerebral  claudication,  248 

—  hydrarthrosis,  356 

—  spinal  claudication,  248 

Internal    capsule,    anatomy,   5,    7   (dia- 
gram), 8 


Internal  capsule,  auditory  fibres  of,  39 

lesions  of,  7,  8,  134,  193,  210 

motor  fibres,  5 

sensory  fibres,  5-7 

tactile  fibres,  14 

visual  fibres,  8,  37 

—  secretions,   temporary  excess   due  to 
emotions,  537,  555 

Interosseal  attitude  (diagrams),  285,  286 
Intervertebral  ganglion  (ganglion  cell  of 

posterior  root),  28,  294 
Intestinal  rumblings,  hysterical,  396 
Intra -cranial  haemorrhage,  54-58,  473 

—  pressure,  57,  70,  169,  478 

lumbar  puncture  in  relief  of,  428 

Intra-medullary  sensory  phenomena,  498 
Inversion  of  radial  n-flex,  322 
Involuntary  movements,  77-94 

associated,  85 

athetotic,  85,  86 

choreic,  84 

myokymia,  77 

reflex  spasms,  90 

rigors,  77 

shivering,  77 

in  tabes,  88 

tremors,  80 

Ipso-lateral  hemiplegia,  210 

—  pyramidal  tract,  10 
Irritation,  cerebral,  54,  472 
Ischaemic  myositis,  232,  534 
from  injuries  of  arteries,  534 

—  paralysis,  231 

Itching  sensation,  tests  for,  187 

Jackson's  syndrome,  165 
Jacksonian'fits,  65,  70,  72,  195,  446-449, 

479 

pupillary,  449 

Jaw  reflex,  318 

"  Jaw -winking,"  138 

Jendrassik's  reinforcement  of  knee-jerk, 

319,  320 
Jews,  amaurotic  family  idiocy  amongst, 

123 
Joint  sense,  186,  189,  253 

tests  for,  189 

Joints,  hysterical  pains  in,  310,  373 

—  trophic  changes  in,  303-309 

Jung's  word-association  method  in  psycho- 
analysis, 368 

Katatonic  rigidity,  546 

—  stupor,  545 
Keratitis,  bacillus  of,  142 

—  neuro-paralytic,  142 

Kemig's  sign  of  cerebral  meningitis,  60, 

295,  425 
Kidney      disease,     arterio-sclerosis     of, 

chronic,  vertigo  in,  154 

cerebral  haemorrhage  in,  66 

floating  kidney,  177 

uraemic  convulsions  of,  70,  429 

Kinacsthetic  sense,  186,  190 

test  for,  190 

Kleptomania,  365 
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Knee-clonus,  325 
Knee-jerk,  318-321 

—  cerebellar,  321 
Korsakow's  psychosis,  49 

Labyrinth,  disease  of,  150,  151,  152,  156, 
157 

—  vertigo  of,  156,  157 
Labyrinthitis,  130 

Lachrymal  secretion,  paralysis,  142 

Lactation,  tetanj'  during,  76 

Lacunar  hemiplegia,  59,  277 

Lalling,  114 

Lindouzy-Dejerine   type   of   myopathy, 

109,  233,  237,  239  " 
Landry's  paralysis,  217,  228,  323,  422 
Lange's  colloidal  gold  reaction,  420,  421 
Laryngismus  stridulus,  72,  75 
Larynx,  ataxy  of,  110 

—  innervation,  158-161 

—  myoclonus  of,  78 

—  paralysis,  159-161 

Lisegne's  sign  of  sciatic  neuritis,  180 

—  symptom  of  hysterical  anc-esthesia,  389 
Lateral  sinus.    See  Sinus 

Laudanum  poisoning,  61 

Laufenauer's     method     of     reinforcing 

knee-jerk,  320 
Laugh,  spastic,  84 
Lead  poisoning,  convulsions  in,  69 
lymphocytosis     of     cerebro-spinal 

fluid,  424 

-optic  neuritis  in,  123 

palsy  in,  201,  228 

absence  of  sensory  changes  in, 

201,216 
— ■  —  tremor  in,  81 
— •  —  visceral  symptoms,  349 
Leg,  sensory  fibres  from.  16 
Lenticular  degeneration,  progressive,  F4 

hepatic  cirrhosis  with,  84 

tremors  in,  84 

zone,  lesions  of,  104 

Lenticulo-striate  artery,  42 
Leprosy,  arthropathies  in,  309 

—  leucoderma  in,  297 

—  maeulo-anaesthetic  type,  201,  297 

—  neuritis  of,  201,  293 
Lepto-meningitis,     localised,     compared 

with  spinal  tumours,  214 
Leri's  forearm  sign,  394 
Lethargic  encephalitis,  438 
Leucocvtosis  of  cerebro-spinal  fluid,  423- 

427  ^ 
Leucoderma,  297 
Leukaemia,  56 

—  cerebro-spinal  fluid  in,  424 
Levator  palpebrae  superioria,  innervation 
of,  123 

(diagram),  340 

—  —  paralysis  of,  131,  138, 145,  342 
Light  reflex.     See  under  Reflexes 
Limb^,    individual    nerves    of,  paralysis 

of,  353 
Limp,     intermittent,      535.      See     also 
Claudication 


Lipo- dystrophy,  descending,  progressive, 

300,  301 
Lips,  paralysis  of,  164 
Lisping,  114 

Localisation,  cerebral,  3-8 
Lock-jaw.     See  Tetanus 
Locomotor  ataxia.     See  Tabes 
Longitudinal  sinus,  superior,  thrombosis 

of,  44 
Lordosis  (with  figs.),  236 
Luetin  reaction,  462 
Lumbago,  177,  231 

Lumbar  puncture.    See  Thecal  puncture 
Lumbo-abdominal  neuralgia,  177 
Lumbo-sacral    cord,    disease    symptoms 

in,  174,  175 
muscular  localisation  in,  35 

—  plexus  and  its  branches,  30,  31 

wounds  of,  532 

Lymphocytosis    of   cerebro-spinal    fluid, 

70,  175,250,295,423-427 

— diagnostic  siguificance,  426 

Lyssa,  74 

Machiphobia,  536 
Macrogenitosomia,  455 
Macropsia,  383 
Main  (T accoucheur,  75 

—  de  Tpredicateur,  265 

—  de  singe,  265 

—  en  griffe,  265 
Mal-adaptation  neurosis,  554 
Malarial  coma,  63 
Malingerine,  359 

—  Mannkoff's  sign  in,  373 
Mammary  neuralgia,  175,  373 
Mannkoff's  sign  of  real  hypersesthesia,  373 
"  Marche  d,  petit 6  paa,^'  59 

Marie's  hereditary  cerebellar  ataxia,  258 

—  views  on  aphasia,  97,  104 
Masked  epilepsy,  69 
Mass-reflex,  331 
Ma.stodynia,  175 

Mayer's  thumb  reflex,  314 
Me^ikel's  ganglion,  140 
Median  nerve,  wounds  of,  513 
Medulla,  auditory  fibres,  39 

—  cranial  nerves  (diagram),  117 

—  le-sions  of,  8,  9, 196,  212,  257,  341,  462 

—  Meniere' g^ disease  implicated  in,  156 

—  pupil-dilating  centre  in,  341 

—  respiratory  centre  in,  3 

—  sensory  tracts  of  (diagram),  6,  14 

—  stimulation  of  nuclei  in,  1 
Melancholic  anergia   distinguished   from 

psychasthenia,  364 
Memory,  distressing,  repression  of,  538 

—  loss  of,  49,  54 

—  post -epileptic  loss  of,  68 

Meniere' s'disease(labyrinthirevertigo),15fi 
Meningeal  adhesions  in  brain  wounds,  47  2 
Meninges,    cerebral,    convulsions     from 
haemorrhage  into,  73 

—  pain,  sensitiveness  to,  167 

—  spinal,  diseases  of,  1S6 

. root  pains  of,  174,  175,  196 
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Meningism,  425,  495 
Meningitis,  basal,  61,  149,  174 

—  in  brain  wounds,  477 

—  cerebro-spinal  tluitl  in,  61,  417-424 

—  and  coma,  60 

—  diagnosis  from  brain  abscess,  422 

—  tits  due  to,  60 

—  Huid  pressure  in,  416 

—  headache  in,  171 

—  lepto-.  circumscribed  spinal,  214 

—  lumbar  puncture  for,  427,  428 

—  meningo-coccal,  350,  422,  425,  495 

—  reHexes  in,  314,  323 

—  septic  cerebro-spinal,  296,  419,  422 

—  serous,  464 

—  spinal,  root  pains  in,  182 

—  syphilitic  basal,  149,  174 

—  tuberculous,  419,  422,  424 
Men ingo- myelitis,  infective,  497 
Menstrual  periods,  headaches  during,  170 
Meralgia  paraesthetica,  181 

Mercury  poisoning,  tremor  of,  81 
Metameric    and    root     distribution    of 

sensory  and  motor  fibres,  30 
Meteorisni,  349,  355 

—  hysterical,  551 
Micropsia,  383 
Micturition,  330 

—  centres  for,  329,  330 

—  in  hysteria,  394,  397 

Middle  ear,  disease  of,  148,  150,  156 

innervation,  139 

Migraine,  172 

—  ophthalraoplegique,  138,  172 
Millard-Gubler  syndrome,  9,  212 
Miner's  nystagmus,  131 

Mixed  electrical  reactions,  411 
Mo?bius's  sign    in  exophthalmic    g  itre, 

133 
Moles,  hairy,  301 
Molluscum  fibrosum,  299 
Monakow's  bundle  (rubro-spinal),  11 

lesions  of.  260,  323,  455 

"  Monkey  hand,"  265 
Monocular  diplopia,  383 
Monophobia,  366 
Monoplegia,  5,  204.  479 

—  hysterical,  387,  388 

gait  in,  281 

Morphrea,  297 

Morvan's  disease,  198,  293 

Motor  areas,  localisation  of.  5 

—  agraphia,  97 

—  apha>*ia,  96,  97.  102,  103,  449 

—  centres  in  cerebellar  cortex,  22 

—  cortex,  lesions  of,  5,  448,  479-482 

—  nerves,  fibrillary  tremors  in  paralysis 
of,  78 

regeneration  of  fibres,  227 

—  neurones,  upper  and  lower,  27,  208 

—  paralyses.  202-251 

functional  or  organic,  205 

lower  neurone  type,  28,  217-243 

distinction  between  an- 
terior corneal  and  nerve  root  lesions, 
217.218 


Motor  paralyses,  lower  neurone  type,  dis- 
tinguished from  upper  neurone  type, 

Landry's    paralysis,    217, 

228,  323 

level    of   lesion,    diagnosis 

of,  217 

from    multiple    peripheral 

lesions,  223,  227 

muscles,  lesions  within,  231 

plantar  refiex  in,  208 

postures  in,  262 

sensory  phenomena,  208 

recurrent  and  transient,  244-251 

Eulenburg's  disease,  246 

family  periodic  paralysis,  249 

! in  general  paralvsis  of    insane, 

250 

• —  in  hysteria,  251 

intermittent   arterial    claudica- 

tion,  247 

spinal  claudication,  248 

in  minor  epilepsy,  250 

myasthenia  gravis,  244 

myotonia  atrophica,  246 

congenita,  245 

myotonic  dystrophy,  246 

occupation  neuroses,  248 

sign    of    disseminated  sclerosis, 

251 

in  tabes,  250 

in  tetany,  250 

Thomson's  disease,  245 

upper  neurone  type,  28,  202-216 

bilateral,  2 1 2 

— distinguished    from    lower 

neurone  type,  208 

exaggeration       of       deep 

reflexes  in,  324 

flexed  and  extended  types 

of,  266,  267 

level   of    lesion,   diagnosis 

of,  210 

postures  in,  265 

unilateral,  210-212 

—  phenomena  of  spinal  cord  lesion, 
499 

—  points,  405 

(diagrams),  401-407 

—  signs,  pyramidal,  of  spinal  injury,  500 

—  tracts,  subcortico-spinal,  10 
Mucuna  pruriens,  187 

Midler,  non-striated  muscle  of,  paralysig, 
340 

Mumps,  lymphocytosis  of  cerebro-s])inal 
fluid  in,  424 

Muscles,  atrophy  of,  203 

causation,  28,  217,  219,  287 

fibrillary  tremors  in,  219 

in  hemiplegic  arthritis,  310 

in  hysteria,  387 

in  neuritis,  222 

peroneal  type  (Tooth's),  221 

progressive  (chronic  anterior  polio- 
myelitis), 78,  219,  323,  411 

hypertrophic  neuritis,  222 


INDEX 


573 


Muscles,  fly.strophy  of.     Set  Myopathy 

—  electrical  reactions,  402-408 

—  fatigue-paralysis  in  myasthenia  gravis, 
109 

—  hypertrophy  of,  203 

—  hypotonia,  24,  254,  272-274 

—  motor  points,  Erb's  diagrams,  401-407 

—  non-striated  involuntary   reflexes   of, 
312,  327 

—  pseudo-hypertrophy  of,  203 

—  sensation,  active,  189,  190 

—  sensibility  to  pressure,  190 

—  sensory  fibres  from,  15 

—  testing,  in  motor  paralysis,  203 
Muscle-spindles,  28 

Muscular  analgesia  in  tabes,  190 

—  cramp,  250 

—  dystrophy,  232 

—  hyper-excitability  in  reflex  paralysis, 

—  localisation  in  cervical  enlargement,  35 
in  lum  bo-sacral  cord,  35 

"Muscular  sense"  definition,  190 
Musculo-spiral   nerve,    paralysis    of,    51, 

264,  266,  515 
Mutism,  hysterical,  113,  371,  543,  549 
Myalgia,  175 

Myasthenia  gravis,  109,  118,  131,  244,  408 
Myasthenic  reaction,  245,  408 
Mydriasis,  124,  125 
Myelitis,  51,  216,  263,  295 
Myelo-malacia,  due  to  wounds,  496,  502 
Myoclonus,  78 

—  epilepticus  (Unverricht's),  78 

—  nystagmus,  79 
Myoidema,  204 
Myokymia,  77 

Myopathy,  atrophic  type,  217,  232-236 

—  atrophy  of  nuclear  origin  distinguished 
from,  232 

—  Erb's  juvenile  type,  236,  237,  238,  241, 
242 

— •  facio-scapulo-humeral  type,  109,  149, 
237,  239 

—  gait  and  posture  in,  282,  283 

—  pseudo-hypertrophic  type,  233-235 
Myosis,  124,  339 

Myositis,  134, 190,232 

—  acute,  231 

—  ischaemic,  231,  534 
Myotomes,  30 
Myotonia  atrophica,  246 
Myotonic  dystrophy,  246 

—  congenita   (Thomsen's   disease),   245, 
274 

—  reaction,  246,  408 
Mythomania,  49 
Myxoedema  and  drowsiness,  437 

Naevi,  cutaneous,  298 
Nails,  trophic  changes  in,  303 
Narcolepsy,  64,  435,  438 
Narcosis,  traumatic,  54 
Nasal  crises.  117 

—  hemianopia,  121 
Nausea.    (See  under  Vomiting 


Neck,  motor  jjoints  (Erb's  diagram),  401 
Necrosis  of  brain-tissue,  476 
Neo-striate  system,  10 
Nephritis,  optic  neuritis  in,  123 

—  uraemic,  fits  in,  62,  70,  429 
Nerve-deafness,  151 

Nerve  plexus.    See  Plexuses 

—  roots.     See  Spinal  Nerves 

Nerves.  See  under  Cranial,  Motor, 
Peripheral,  Spinal;  cdso  names  of 
particular  nerves 

—  of  limbs,  individual,  paralysis  of,  533 

—  olfactory,  connections  of,  37 
Nervous    system,  anatomy  and    physio- 
logy of,  1-45 

—  —  organic,  war-lesions  of,  466-535 
scheme    for    routine    examination 

of,  47-49 
Nervus  terminalis,  116 
Neuralgia,  blanching  of  hair  in,  302 

—  brachial,  178 

—  coccygodynia,  178 

—  hyperesthesia  in,  193 

—  mammary,  175,  373 

—  meralgia  parassthetica,  181 
— ^  phrenic,  176 

—  po.st-herpetic,  294 

—  sciatic,  178,  317 

—  tender  points,  173,  178 

—  trigeminal,  193 

Neurasthenia,  causes  and  diagnosis,  362- 
364 

—  deep  reflexes  exaggerated  in,  364 

—  distinguished  from  hysteria,  364 

—  headaches  associated  with,  170 

—  induced  by  exhaustion,  541 

—  mydriasis  in,  124 

—  toxic,  362 

—  traumatic,  362 

—  tremors  in,  81,  363 

—  war-neurosis,  553 
Neuritis,  alcoholic,  50,  193 
(figure  of  case),  228 

—  arsenical,  299,  303 

—  diabetic,  perforating  ulcers  in,  2C3 

—  glossy  skin  in,  293 

—  lead,  228 

—  leprous,  anaesthesia  of,  201 

perforating  ulcers  in,  293 

loss  of  deep  reflexes  in,  323 

—  multiple  or  peripheral,  50,  2C0,  201, 
227,  303,  320,  326,  519 

anaesthesia  of,  201 

gait  in,  282 

—  optic.    <See  Mwrfer  Optic 

—  post-diphtheritic,  108,  127,  163 

—  progressive  hypertrophic,  222,  257 

—  retro-bulbar,  123 

—  sciatic,  178 

following  wounds,  518 

Neuro-fibromata,  183,  298 

Neuroma,  plexiform,  298  • 

Neuro-mimesis,  389 

Neurones,  cerebello-dentate,  29 

—  cortico-bulbar,  108,  110 

—  dentato-thalamic,  29 
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Neurones,  lower  motor  (spino-muscular), 

27 
lesions  of,  28,  208.    Hee  also 

Motor  Paralysis,  Lower  Neurone  type 

—  sensory  lesions  of,  28 

—  spino-cerebellar,  29 

—  tnalamo-cortical,  29 

—  upper  motor  (oortico-s2>inal),  27 
lesions  of,  28,  210.     6Ve  also 

Motor  Paralysis,  Upper  Neurone  tyjie 
Neuroses,  358-399 

—  hysteria,  366-399 

—  neurasthenia,  362-364 

—  occupation,  248 

—  psychasthenia,  364-366 

—  war,  536-557 
"Neurotonic"  reaction,  408 
Nicotine  poisoning,  tremors  in,  81.     Sec 

also  Tobacco 
Night-blindness,  118 
Nightmares,  439,  554 
Noguchi's  test  for  globulin,  418 
Nuclear  ophthalmoplegia,  136 
Nuclei,  ambiguus,  158 

—  auditory,  39,  151 

—  bulbar,  109 

—  caudate,  5,  42 

—  cerebellar,  19,  20,  21 

—  cuneate,  14,  15 

—  Deiters',  19,20,21 
lesions  of,  157 

—  dentate,  19,20 

—  emboliformes,  19,  20 

—  fastigii,  20 

—  globosi,  19,20 

—  glosso-pharyngeal,  150 

—  gracile,  14,  15 

—  hypoglossal,  144,  164 

—  lent-icular,  6 

—  lesions  of,  83,  111 

—  medullary,  13,  108 

—  ocular,  19,  23,  83,  124 

—  red  (diagram),  19 

lesions  of,  83,  137,  212,  260,  455 

—  roof,  19 

—  sixth  cranial  nerve,  8,  137 

—  vestibular,  40 
Nyctalopia,  118 
Nystagmus,  129-131 

—  cerebellar,  23,  131 

—  in  disseminated  sclerosis,  131 

—  facial,  88 

—  fistular,  130 

—  in  Friedreich's  ataxia,  131,  256 

—  labyrinthine  or  vestibular,  130,  131 

—  miner's,  131 

—  myoclonus,  79,  131 

—  optic,  135 

—  pendular,  129 

—  reflex  (optic  vestibular),  135 

—  rhythmic,  129 

—  thermic,  130 

—  vestibular,  130,  136 

Obsessions  of  psychasthenia,  365,  654 
Occipital  region,  lesions  of,  485 


Occipital  region,  tumours  of,  462 
Occupation  neuroses,  90,  248,  260 
Ocular  headaches,  168 

—  paralysis.     See  Paralysis,  ocular 

—  symptoms  in  Raynaud's  disease,  352 

—  vertigo,  155 
Oculo-cardiac  reHex,  328 
Oculo-motor    (third)    nerve.     See   under 

Cranial  nerves 

Oculo-jjupillary   Hbres   of  cervical  sym- 
pathetic, 340 

(diagram),  340, 

paralysis  of,  341,  343,  344 

(Edema,  acute  angio-neurotic,  354 

—  blue,  hysterical,  397 

—  cerebral,  traumatic,  477 

—  spinal,  traumatic,  606,  507 
(Esophagus,  hysterical  spasm  of,  395 
Olfactory  nerves,  116 

connections  of,  37 

—  path,  36 
Olivary  body,  14,  20 
Olivo-ponto-cerebellar  atrophy,  258 
Ophthalmoplegia,     nuclear    (internal, 

external,  total),  136 
Opisthotonus,  67,  459,  510 
Opium  poisoning,  coma  from,  61 
Oppenheim's  reflex,  316 
Optic  atrophy,  120,  123,  124,  126,  127, 

457 

—  chiasma,   course   of  visual   fibres   in, 
37 

diagrams  of,  38,  122 

lesions  at  or  behind,  121-123,  127, 

457 
visual  fibres  in  (diagram),  122 

—  nerve,  37,  117 

—  neuritis,  122 

in  brain  wounds,  479 

in  diagnosis  of  coma,  58,  61 

headaches  with,  diagnosis,  168 

of  intra-cranial  tumour,  444 

lumbar  puncture  to  relieve,  428 

—  radiation,  37 

—  thalamus,   centres   for    pleasure    and 
pain  in,  16 

for  visceral  sensations,  16 

lesions  of,  83,  167,  195,  210,  463 

hemiataxia  in,  260 

micturition  centres  in,  330 

reflex  centre  of  emotion,  453 

sensory  fibres  of,  1 6,  454 

redistribution  of,  16 

visual  fibres  in,  37 

Orbicularis  oculi  (palpebrarum),  homolo- 

gous  with  branchial  arch  of  fish,  139 

innervation,  138 

Orbital  muscle  of  Miiller,  340 

(diagram),  340 

Organic  and  functional  dis'ea.se, boundary. 

line  between,  HO 
Orthostatic  albuminuria,  349 
0s.seou8  sense,  190 
Otic  ganglion,  144 

(diagram),  140 

Otitis  media,  151 
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Otitis  media,  vertigo  from,  156 
Ovarian  disease,  headache  from,  1(39 
"  Ovariaa  tenderae-is,"  374 

Pachymeningitis  interna  hsemorrhagica, 
oi 

spinal,  216 

Pain,  166 

—  course  of,  fibres  subicrviug,  14 
— ■  headache,  168 

—  herpetic,  175 

—  hysterical,  185,  372 

—  ialimb3,  178 

— ■  —  bilateral,  181 

—  loss  of  sense  of,  18,  200,  201 

—  paroxysmal,  spontaneous,  182,  185 

—  persistent,    not    caused    by    organic 
bsion,  547 

—  reflected,  175 

—  root,  174,  182 

— •  tests  for  sense  of,  187 

—  following  trauma,  542 

—  in  trigeminal  area,  173 

—  in  trunk,  174 
Palatal  reflex,  331 

Palate,  soft,  hemiatrophy,  142 

innervation,  140,  158 

paralysis  of,  bilateral,  108 

unilateral,  158,  165 

reriex  movement,  313 

Pallesthesia,  190 
Pallidal  motor  path,  11 

—  system,  10 
Palsies.     iSee  Paralysis. 
Pandiculation,  87 
Para-anjBsthesia,  191,  197 
Paracousis  Willisii,  151 
Paraesthesia,  191,  193 

—  hysterical,  383 
Paradoxical  flexor  reflex,  316 
— ^  pupillary  reaction,  127 
Paragraphia,  101 
Paralysis,  acute  ascending,  22S 

—  alcoholic,  149,  201,  22 S 

—  alternate.     See  Crossed 

—  of  anterior  crural  nerve,  224 

—  Bell's,  145 

—  Brown- Sequard,  9,  191,  197,  213 

—  bulbar.     iSee  tluit  title 

—  of  cervical  sympathetic,  341-346 

—  cranial  nerves,  116-165 

—  crossed,  8,  51,  204,  211,  461 

—  facial,  108,  144-149,  212 
bilateral,  149,  150 

—  family  periodic,  249,  232,  353,  408 
—fifth  nerve,  139-143 

—  of  fourth  nerve,  133 

—  glo?30  -  labio  -  laryngeal,    See    Bulbar 
pilsy 

—  glosso-pharyngeal,  157,  158 

—  hypoglossal,  120,  163-165 

—  hysterical,  251,  268-271,  386-393,  552 
figures,  269,  270,  278,  281,  370,  371, 

377-380,  387-390 
muscular  wasting  in,  239 

—  of  individual  nerves,  533 


Paralysis,  infantile,  218,  286,  304 

—  ischscmic,  231,  232 

—  Landry's,  217,  228,  323 

—  laryngeal,     organic     and     function  il 
(diagram),  15J,  16'J 

—  leid,  201 

—  of  musculo-spiral  nerve,  51 

—  motor.     Sie  Motor  paralysis 
and  sensory  combined,  213,  223 

—  multiple,  165 

—  musculo-spiral,  264 

—  myasthenia  gravis.     See  thai  title 

—  ocular,  128 

infra-nuclear,  137 

from  lesions  of  individual    nerves, 

131,  133-140 

nuclear  lesions,  137 

rheumatic,  134 

supra-nuclear,  134 

—  oculo-motor,  131,  132 

—  palatal,  95,  108,  158,  159 

—  peripheral  motor  nerve  lesions,  electro- 
prognosis  of,  411 

—  post-diphtheritic,  95,  108,  149 
— ■  pseudo-bulbar.  111 

—  of  recurrent  laryngeal  nerve,  160 

—  reflex,  239,  392,  552 

—  of  sixth  nerve,  134 

—  spastic,    "flexed,"    and    "extended," 
types,  266 

—  tumours  in  cerebral,  448 

—  uhiar,  223,  224 

Paralysis    agitans,    acute,    in    lethargic 
encephalitis,  137 

articulative  difficulties  in.  Ill 

diagrams  of  cases,  82,  235,  286 

juvenile  type  of,  82 

Parkinsonian  mask,  112,  285 

pathology  of,  10 

posture  and  gait  in,  284 

— •  —  rigidity  of,  82 
• —  —  tremors  of,  81,  82 

—  —  in  war,  493 

Paramyoclonus  multiplex  (Friedreich's), 

78,  80 
Paramyotonia    congenita    (Eulengberg's 

disease),  246 
Paraphasia,  100 
Paraplegia,  204 

—  bed-sores  in,  295 

—  brachial  and  crural,  204 

—  chronic,  trophic  changes  in  nails,  303 

—  decompression,  181 

—  dolorosa,  182 

—  gait  in,  281 

—  hysterical,  269,  278,  370,  371 

—  simulating  wounds  of  spinal  cord,  497 

—  spastic,  51,  210,  213,  255,  276 

flexed  and  extended  types  of,  266- 

267 
Para-sympathetic  fibres,  334 
Parathyroids,    tetany    from    extirpation 

of,  75 
Paresis,  204 

Parietal  region,  lesions  of,  489 
Parkinsonian  mask,  112,  285 
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Parosmia,  116 

—  paroxysmal,  117 
Penetrating  wounds  of  head,  460 
Penis,  analgesia  of,  in  tabes,  200 
"Pension-neurosis,"  540 
Perforating  ulcers,  292 

—  wounds  of  head,  470 
Pericarditis,  reflected  pain  in,  175 
Perineuritis,  179 

Periodic  paralysis,  family,  249,  323,  353, 

408 
Periostitis  of  skull,  168 
Peripheral  nerves,  compression  of,  200 

cutaneous  areas  of,  32 

lesions  of,  anaesthesia,  200 

— ataxia,  254 

mixed,  223-226 

motor  paralysis,  205,  223,  411 

paths  of  sensation,  13 

wounds  of,  533 

compression,  517 

concussion,  517 

contusion,  514 

division,  complete,  511 

incomplete,  512 

frequency  in    different  nerves, 

511 

inflammation,  518 

rupture,  517 

—  neuritis.     See  Neuritis,  multiple 
Peritonitis,  190,  349 
Permanganate  test  for  meningitis,  420 
Peroneal  muscular  atrophy,  221 
Personality,  alternating,  364,  394 
Persuasion,  366 

•^  Petit-mal,"  68,  250 

Petrous  ganglion  (diagram),  facing  140 

Pharyngeal  reflex,  313 

Pharynx,  innervation  of,  157 

—  paralysis,  158 
Phlebogenic  sciatica,  180 
PhobisB,  366,  554 
Phrenic  neuralgia,  176 
Pia  mater,  function  of,  467 
Pill-rolling  tremor,  285 

Pineal  body,  anatomy  and  physiology,  25 

pathology  of,  25,  26 

precocious  puberty,  with  tumours 

of,  26,  455 

tumours  of,  456 

Pithiatism,  366 

Pituitary  body,  acromegaly  with,  25 

anatomy  and  j)hysiology,  24 

enlargement  in  pregnancy,  25 

Frohlich's  syndrome  with,  456 

lesions  of,  25,  455-457 

secretion  of,  25 

sugar  metabolism  in,  25 

tumours  of,  121,  289,  291,  435,  455- 

457 

with  hemianopia,  121 

'■  Planchette,"  sub-conscious  phenomena 

of,  385 
Plantar  reflex,  2,  28,  208,  215,  314-316 

Babinski's  phenomenon,  315 

in  hysteria,  317,  394 


Pleasure  and  pain,  centres  for,  16,  192 

Pleurodynia,  175 

Plexiform  neuroma,  298 

Plexus,  brachial,  wounds  of,   344,  345, 

522 
symptoms  in  division  of  postericr 

roots,  254 

—  cervical,  29 

—  lumbo-sacral,  31 
wounds  of,  532 

—  pre-vertebral,  336 

—  solar,  disorders  associated  with,  327, 
328 

Pneumonia,  loss  of  deep  reflexes  in,  323 
Pointing  tests,  Batany's,  22,  255 
Poisoning,  neuroees  caus:ed  by,  542 
Polar  reactions  of  muscles,  406,  407 
Polio-encephalitis,  superior,  73 

—  inferior,  73,  137,438 
Poliomyelitis,      acute.       See      Infantile 

paralysis 

—  chronic  anterior,  78,  219,  323 
Polysesthesia,  191 

Polyopia,  monocular,  383 
Polyuria,  hysterical,  397 
Pons,  arterial  supply,  42 

—  cranial  nerves  (diagram),  117 

—  facial  nerve,  origin  in,  144 

—  haemorrhage,  59,  124 

—  lesions  of,  8,  51,  83,  147,  196,  198,  212 
in  tegmental  region,  83 

—  nuclei,  109,  134 

—  sensory  fibres  in,  course  of,  15 

—  tumours  of,  455 

(fig.),  461 

Ponto-cerebellar  angle,  lesions  of,  1£8 

tumours  in,  400 

Ponto-spinal  tracts,  1 1 

Popliteal   nerve,   external,   paralysis   of, 
264,  282,  576 

paralysis  of,  gait  in,  282 

Portio  intermedia,  150 
"Port-wine  stains,"  298 
Post-central  gyrus,  lesions  of,  482 

—  region,  wounds  of,  483 
Post-diphtheritic  paralysis,  95,  108,  149 
Post-epileptic  automatism,  68 

—  coma,  62 

—  lymphocytosis,  68 

Posterior  columns,  lesions  of,  13-17,  1S6, 
254,  279,  323,  327 

—  fossa,  tumours  of,  169,  323 

—  nerve  roots.     See  Spiral  ner\-e  roots 

—  roots,  symptoms  of  injuiy,  498 
Postures,  262-275 

—  cerebellar,  273 

—  erect  and  at  rest,  262 

—  in  functional  disease,  268-271 

—  in  organic  disease,  262,  263,  2«5-267 
Pot-belly,  234,  283 

Preacher's  hand,  265 

Pre-ccntral  region,  wounds  of,  479-4^2 

Pre-  and  post-central  region,  wounds  of, 

483-485 
Pregnancy,  pseudo-,  396 

—  tetany  in,  76 
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Pt-e-hemiplegic  ataxia,  2(50 
Pre-pyiamidal  tract,  11 
Pressure,  blood,  ia  coma,  54 

—  iatra-cranial,  70,  169,  418,  427,  428 
lumbar  puacture  in  relief  of,  427, 428 

—  iatra-thecal,  416,  417 

—  iabyriuthiae,  157 
'■  Pressure-pain,"  12 
Pressure-sense,  187,  190 

Prisoners  of  war,  neuroses  amongst,  544 
Probe,  risk  of  use  of,  469 
Progressive  hj-pertrophic   neuritis,  222, 
257 

—  muscular  atrophy,  78,  219,  220,  411 

—  neuritic  amyotrophy  (Charcot  and 
Marie),  221-222 

Projectiles,  nature  of  wound  produced 
by,  470,  472 

'"Pronation  phenomenon"  in  hemi- 
plegia, 208 

Pronator- jerJc,  322 

Proprio-ceptive  sense-organs,  189 

Proptosis,  45,  347 

Pi'otopathic  cutaneous  sensibility,  12 

loss  of,  200 

recovery  of,  226 

Pseudo-angina,  176,  395 

Pseudo-appendicitis,  396 

Pseudo-athetosis  in  tabes,  88 

Pseudj-bulbar  paralj-sis.  111,  213 

Pseudo-hwmatemesis,  397 

Pseudo-haBmoptysis,  397 

Pseudo-hypertrophy,  233-235 

—  muscular,  203 
"Pseudo-memories,"  49 
Pseudo-myopia,  hysterical,  383 
Pseudo-pregnancy,  396 
Pseudo-ptosis,  342,  343,  344 

—  hysterical,  133,  390 
Pseudo-sciatica,  hysterical,  180 
Pseudo-sclerosis,  84,  261 
Pseudo-tumor  cerebri,  464 
Psychalgia,  372 

Psychasthenia,  70,  364-366,  554 
^;-  imperious  acts  in,  366 

—  obsessions  in,  365 

—  phobiae  of,  366 

—  stigmata  of,  364 
Psychic  epileps}',  69 
Psycho-analysis,  538 
in  hysteria,  367 

Jung's  word-ass  relation  method,368 

Psycho-galvanic  reaction  in  neurasthenia, 

363 
Psychosis,  "  barbed- wire,"  544 
Pterj'goid    muscle,    external,    action   in 

congenital  ptosis,  139 

paralj'sis  of,  141 

Ptosis,  131,  390 

—  bilateral,  454 

—  congenital,  138 

—  hysterical,  132,  133,  390 

—  pseudo-.     See  Pseudo-ptosis  above 
Puerperal  eclampsia,  70,  429 
Pimctured  fractures  of  cranium,  468,  470 
Pupillary,  reflex.     See  under  Reflex,  light 


PupillaiT  unrest,  126 
Pu})ils,  124 

—  Argyll-Robertson  phenomenon  in,  124. 
126 

— contraction,  in  affecting  cervical 
sympathetic,  339-341 

in  opium  poisoning,  61 

in  pontine  hsemorrhage,  59 

—  dilatation  of,  55,  125, 132 

—  dilatmg  fibres,  126,  340 
course  of  (diagram),  126 

—  examination  of,  124 

—  inequality  of,  55,  125,  348 

—  irregularity  in  shape,  125 

—  Jacksonian  fits  of,  449 

—  light  reflex.    Sec  Reflexes 

—  motor  innervation  of,  124 

—  painful  stimulation  of  neck,  reaction 
to, 127 

—  paradoxical  reaction,  127 

—  psychical  dilatation,  127 

—  reaction  to  accommodation,  127 
— ■  size  of,  variations  in,  125 
Purulent  meningitis,  422 
Pyramidal  cells,  4,  5 

—  motor  signs  of  spinal  cord-lesions,  500 

—  tract,  course  of,  5,  11,  27 
(diagram),  6 

lesions  of,  9 

gait  in,  276-278 

motor  paralysis  due  to,  210,  212 

reflexes  affected  by,  326 

Quadrantic  hemianopia,  38,  122,  487 

Quinine  blindness,  120 

Quinquaud's  sign  of  chronic  alcoholism,  81 

Rabies,  74 

Raccourcisseurs,  phenomene  des,  215 

Radial  jerk,  318,  322 

Radiculitis,  174 

Railway  spine,  362 

Rami  communicantes,  334,  341 

Rajnaud's  disease,  185,  296,  351 

Reactions,  condenser,  409 

—  of  degen3.-ation,  ii,  203,  208,  409 

—  electrical,  abnormalities  of,  408 

—  faradic,  405 

—  galvanic,  405 

von  Recklmghausen's  disease,  299 
Rectal  reflex,  327 
Recti  muscles  of  eye,  123, 128-130 
Recurrent  and  transient  motor  paralyses, 
244-251 

—  laryngeal  palsy,  160 

—  utterances,  102 

Red  nucleus,  connections,  11,  20 

lesions  of,  83, 138,  212,  260,  455 

Reeling  or  titubating  gait,  253,  281 
•'Referred  pains,"  337 
Reflected  pams  of  visceral  diseases,  17o 
Reflex  arc,  2 

—  convulsions,  72 

—  cutaneo-gastric,  328 

Z£!?oS?4fg'traumata,  230,  240,  392 

37 
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Reflex  8pa»<in8,  GO,  91 

—  spinal,  - 
Reflexes,  31i»  333 

—  abdoniiual,  314 

—  adductor  of  foot,  31(5 

—  anal,  intpniai,  329,  332 
superficial,  313,  317 

—  Babiuski's  extensor  plantar  reflex,  315 

—  Bechterew  and  Mendel's,  326 

—  bladder.  329-330 

—  Brissaud's,  315 

—  bulbo-cavemosus,  313,  317 

—  carpo-raetacarpal,  318 

—  cilio-spinal,  48,  327,  343 

—  conditional,  3,  333 

—  corneal,  66,  146,313 

—  cortical  and  spinal.  315 
• — cremasteric,  313,  317 

—  cutaneo-gastric,  328 

—  dartos,  327,  332 

—  deep  or  tendon,  318-327 

in  ataxic  conditions,  253 

after  epileptiform  fits,  67,  71 

exaggerated,  17,  324-327 

loss  of,  322 

in    upper    and    lower    neurone 

paraly.'es,  28,  205 

—  defensive,  215 

—  effect  of  spinal  injuries  on,   17,  214, 
501507 

—  epigastric,  313 

—  extenior,  plantar,  315 

—  flexor,  plantar,  314 

—  genital.  327 

—  gluteal,  313 

—  in  hysteria,  68,  394-395 

—  jaw,  318 

—  kn-c,  318 

—  light,  2,  125,327 

—  —  in  hysteria,  67,  394 

—  —  loss  of,  126 

path  of,  126 

(diagram),  126 

—  "  mark-time,"  215 

—  '•  mas.s,"  324,  330 

—  of  non-striated  muscles,  327 

—  oculo-cardiac,  328 

—  in  opium  poisoning,  61 

—  Opjienheim's,  316 

—  organic  motor,  327 

—  palatal,  313 

—  paradoxical  flexor,  316 

—  pharyngeal,  313 

—  plantar,  2,  28,  56,  61,  207,  215,  314-316 

—  pnmator,  318,  322 

—  pupillarj-  light,  125-127,  327 
mode  of  testing,  125 

—  radial,  318,  322 
inversion  of,  322 

—  rectal.  327 

—  scapular,  313 

—  scapulo-humeral,  318 

—  scrotal,  329,  332 

—  sexual,  3,  327,  329 

—  of  spinal  automatism,  215 

—  in  spinal  cord  lesion*,  501 


iS'ee    under   Kidney   and 


Rtflexes,  superficial  or  sk:n,  312-318 

—  thumb,  314 

—  triceps,  322 

—  uterme,  327 

—  vomiting,  3 
Renal   disease. 

Nephritis 

Repression  of  distressing  memories,  538 
Restiform  body,  20,  39 
Retention  of  urine,  330 
Retina,  37,  38,  122,  123 

—  oedema,  diagnostic  significance,  57 
Retinitis  pigmentosa,  118 
Retro-bulbar  neuritis,  123 
Retrograde  amnesia,  54 
Retro-quadrigeminal    bemainopia,    light 

reflex  in,  127 
Rheumatic  myositis  of   external  ocular 

muscles,  134 
Rhythmic  movements,  stereotyped,  546 
Rickets,  convulsions  and  tetany  due  to, 

72,  75 
Right-handedness,  39 
Rigidity,  decerebrate,  i6 
Rigors,' 77 

Rinne's  test  for  hearing,  151 
Risus  sardonicas,  510 
Rodent  ulcers,  296 
Rolando,  fissure  of,  3 
Romberg's  sign  in  tabes,  253 
Roof  nuclei,  19 
Root  areas  (diagrams),  32,  34 
posterior,  33,  34 

—  lesions,  30,  11 1,  218,  229 
Root-pains,  174,  175,  182 
Rosenbach's  sign  of  hemiplegia,  56 
Rossolimo's  toe  phenomenon,  326 
Rotator\'  movements,  cerebellar  lesions 

and,  23 

in  intra-cerebellar  growths,  459 

Round-worms,  convulsions  due  to,  72 
Rubrospinal  tract,  11,  S3,  137,  260 

loss  of  function,  323,  455 

Rupophobia,  366 

Sacral  pain,  178 

—  plexus,  31 

—  segments,  lesions,  317 
Sacro-coccygeal  root -areas  (diagram),  34 
Salicyl-sulphonic  acid  teat  for  protein  ia 

cerebro-spinal  fluid,  418 
Saliva,  irregularity  of  flow  of,  146 
Saltatory  spasms,  84 
Scalp  wounds,  468 
Scapular  reflex,  313 
Scapulo-humeral  reflex,  318 
Schizophrenia,  546 
Sciatic  nerve,  paralysis  of,  226 
lesions,  534 

—  neuralgia,  178 

—  neuritis,  178 
Sciatica,  178 

—  pseudo-hysterical,  178,  180 

—  radicular,  180 

—  varicose  or  phlebogenic,  180 
Scissor  gait,  276 
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.S<'lerodcrma,  206 

.Sclerosis,   amj-otrophic  lateral,   78,  210, 
220,  323 

—  disseminated.        See        disseminated 
sclerosis 

—  multiplex  dolorosa,  175 

—  postero-lateral,  281 

—  primary  lateral,  216 

—  pseudo-,  261 

—  tuberose,  463 
.Sclerotomes,  30 
Scotoma,  central,  119,  123 

—  of  migraine,  119,  172 
Scotomata,  central,  bilateral,  48.5 
for    red    and    green    in    tobacco 

amblyopia,  119 
Scrotafreflex,  329,  332 
Sea-sickness,  339 

"  Seelenhahmung,"  Notknagel's,  389 
Segmental  signs  in   spinal  cord  lesion^, 

499,  500 
Segmentation  of  spinal  cord  (diagrams), 

33-36 
Self-preservation,  instinct  of,  537 
Semicircular  canals,  disease  of,  156 
Senile  tremor,  82 
Sensation,  clinical  investigation  of,  186. 

187 

—  cutaneous,  186 

—  delayed,  188 

—  joint,  186 

—  muscle,  active,  186 

—  paths  of,  13-17 

—  return  after  mixed  n<^rve  paraK-sis,  226 

—  vibration,  186 

Senses,  special,  paths  of,  36 
Sei-ibility,  kinds  of,  12,  13 
Scniory  cortex,  16 

—  Kbres,  position  of,  5-7 

—  Kts,  71 

—  paths,  12 

—  phenomena,  intra-medullary,  498 
Sequelae  of  head  injuries,  492 
Serratus  magnus,  paralysis  of,  227 
Sex-instinct,  537 

Sexual  hypothesis  of  Freud,  538 

—  reflex,  3,  327,  329 
Shell-shock,  hysteria  due  to,  540 
Shivering,  77 

Shock  amblyopia,  382 

—  emotional,  5.36 
Shoemaker's  tetany,  76 
Side  gait  (Flankengang),  278 
Sight.     See  Vision 

Singing,  cortical  centre  for,  103 
Sinus,  cavernous,  thrombosis  of,  45 

—  inferior  longitudinal,  44 

—  lateral,  thrombosis  of,  44,  464 

—  "Superior,  longitudinal,  thrombosis  of, 
44 

-injurie?  of,  473 

Sinuses,  cerebral,  thrombosis  of,  in  coma, 

59 
Skew  deviation  of  eyes,  136,  459 
Skin,  areas  of  peripheral  nerves,  32 

—  glossv,  292 


Skin,  hj-sterical  affection*,  397 

—  pigmentary  changes,  297-300,  350 

—  sensibility  of,  12-14,  187-189 
loss  of,  200 

recovery  of,  226 

—  trophic  changes,  291-303 
Sleep,  disorders  of,  433-442,  554 

—  pathological,  436-438 

—  physiology  of,  433-436 
Sleeping  sickness,  438 

parasites  in  cerebro-spinal  iluid,  423 

Slceplessness.^    See  Insomnia 

Smell,  disorders  of,  72,  116,  117,  142,  488 

hysterical,  374,  381 

—  olfactory  path,  36 

- —  tests  for  sense  of,  116 

Smile,  spastic,  84 

Sneezing  in  parosmia,  117 

.Snellen's  types,  117 

Softening,  cerebral,  traumatic,  476 

—  -  spinal,  traumatic,  496 
Somnambulism,  385,  436,  439 
Spasm,  habit,  89 

—  hysterical,  94,  387,  391 

—  reflex,  90 

— ■  saltatory,  94 

—  See  also  Tics 
Spasmophilia,  72,  75 
Spasmus  nutans,  83 
Spastic  paralysis,  266-268 

—  —  extended  type,  266,  327 
flexed  type,  266,  327 

—  smile  or  laugh,  84 
Spasticity,  28,  208,  215,  216 
Special  senses,  paths  of,  36 

Speech,  articulation  distingui>hed  from, 
107 

—  auditory,  origin  of,  97 

—  cortical  centres  for,  96-99 
— ■  hysterical  affections,  371 

—  loss  of,  aphasia.     See  that  title 

— . —  articulation,  defects.    ^€6  Articula- 
tion 

—  —  causes,  classification  of,  95 
Sphincter  ani  extemus,  35,  313,  317 
intemus,  327,  332 

Spma  bifida  occulta,  293,  300 
Spinal  accessory  nerve,  162 

—  anaesthesia,  429-432 
— .  —  after-effects  of,  432 
contra-indications  to ,  432 

—  automatism,  reflexes  of,  215 

—  cord,  arterial  supply,  43 

—  __  cervical  region,  lesions  in.  123,  174, 
204,  212,  498,  502,  504,  506 

muscular  localisation  in,  35 

— ■  —  Clarke's  column,  17 

—  —  combined  degeneration  of,  254,  327 
— -  —  compression,  197,  123,  216 

concussion  of,  496 

course  and  distribution  of  terminal 

arteries  (diagram),  44 
diagnosis  of  level  of  lesion,  498 

—  —  endogenous  tracts,  17 
lateral  columns,  10,  14 

—  —  lesions  of,  anaesthesia  in,  196,  197 
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Spinal  cord,  lesions  of,  bladder  trouble 
due  to, 330 

• complete  and  iixcomplete,   1S6- 

197,  213,  501 -.VJ7 

hemi-section  of,  9,  17.  191,  197, 

212,504 

motor  paralysis  and,  212 

posterior  roots  and  columns  of, 

13-17,  254 

in  pyramidal  tract.     See  Pyra- 
midal tract 

rectal  incontinence,  331 

root-pains  due  to,  182,  498 

symptoms  of,  498,  499 

— trans-section  of,  complete,  196, 

212,  326,  501-503 

unilateral.     Sec  Hemi-section  of 

lumbo-sacral  region.     See  Lumbo- 
sacral cord 
. malignant  growths  in,  213,  210,  42.J 

—  paths  of  sensation,  13 

—  poterior  columns,  13-17,  191,  254, 
279,  323,  327 

. relations      to     vertebral      column 

(diagram),  414 

root  irritation  from  diseases  of,  182, 

213 

segments  (diagrams),  31-33 

sensory  paths  of  (diagram),  14 

subacute    combined    degeneration, 

254,  327 

tracts  of,  9-16 

tumours  of,  intra-  and  extra- 
medullary,  diagnosis  between,  213,  216 

cerebro-sjiinal  (luid  in,  419 

—  —  vaso-motor  centre,  diseaf^e  of,  352 
woimds  of,  495-511 

complete  and  incomplete,  501. 

503 

diagnosis  of  level,  498,  .Wl ,  507 

pathological  results  of  compres- 

sios,  496 

hajmorrhage,  496 

meningo-mvelitis,  497 

necrosis,  496,  502 

oedema,  506 

signs  and  symptoms    of   motor 

pyramidal,  500 

segmental,  499 

sensorv,      intramedullary, 

498 
root  signs,  498 

—  curvature,  hysterical,  270 

—  nerves,  anterior  roots.  2,  27 
leuonsof,  30-3.J,  217,  218 

mixed  motor  and  sensory  paralysis 

due  to, 223 

motor  paralysis  due  to,  30-35 

posterior    roots,   cutaneous    areas, 

32-36 

distribution,  30-36 

— •— inflammation  of  ganglia,  2r4 

irritation,  174,  182,  192,  197, 

254 

• lesions  of,  254.  323 

sensory  paths  through,  13 


Spinal  nerves,  iJosterior  roots,  symptoms 
of  injury,  498 

—  reflex,  2,  3 
Spine,  hysterical,  373 
Spino-muscular   motor   neuron^   legions. 

I       iSee  Motor  paralyses 
Spino-thalamic  tract,  14 
Spondylosis,  campto-cormic  or  tnti-algic, 

270, 548 
Squint,  128 
Stammering,  112 

—  hysterical,  372 

I   — psychasthenic,  365 

I   Staso'-baso-phobia,  278,  391 
Stellwag's  sign  of  exophthalmic  goitre, 

347 
Stereognostic  perception,  ISO,  4." 2 
Stemo-mastoid,  paralysis  of,  161,  1C2 
Stiff  neck,  231 

Stokes-Adams  syndrome,  62,  73 
Stomach,  dilatation  of,  76,  159,  349 

I   —  hysterical  rumblings  in,  3f.6 

—  reflected  pains  of,  176 

—  reflex  contraction  of,  328 
Stovaine  as  spinal  ansesthetic,  429 

j    Strio-spinal  motor  system,  11 

i   Striimpell's  tibialis  phenomenon,  208 

Strychnine  jwisoning,  74,  324,  429,  51 1 

Stupor,  53 

—  katatonic,  64,  545 

—  and  sleep,  436 
Sub-arachnoid  spaces,  467 
Sub-cortical  aphasia,  99,  101 
motor,  103 

—  cerebral  tumours,  72 
Subcortico-spinal  tracts,  10,  1 1 
Sub-dural  hiemorrhage,  chronic,  57,  58 

—  spaces,  467 
Sub-pinealism,  26 
Sub-pituitarism,  2S0,  456,  457 
Sub-thalamic       haemiansesthcsia.        See 

Hemiansesthesia 
Sub-trapezial  plexus,  paralysis  of,  166,  518 
Sugar  tolerance  in  pituitary  di.?ea?e,'  25 
Suggestion,  366,  369 

—  neurosis,  366,  546 

—  in  war-hysteria,  539 
Suggestions,  hetero-,  540 
Sunstroke  and  coma,  63,  170 

—  headache  in,  170 

—  treatment  of.  428 
Super-pinealism,  26 
Super-pituitarism,  2S0,  456 
Su])inator  jerk,  322 

—  longus,  paralysis  of,  30 
Supra-renal  bodies,  339 
acute  disease  of,  349 

Sweating,  abnormalities  of,  due  to  neive- 
disorder,  343-346,  355-357 

—  centre  for,  356 

—  cervical  sympathetic  connected  with, 
336,  339.  342,  346,  350,  351 

—  of  hysteria,  397 

—  in  Meniere's  disease,  156 

—  in  spinal  cord  lesions,  357 
Sylvian  fissure,  3,  42,  f,6 
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Sylvian  fissure,  arteries  of,  42 

landmarks  of,  3 

Symmetrical  gangrene,  351 
Sympathetic  nervous  system,  anatomy  of, 

1,  334 

-  —  lesions  of,  341,  349 

relation   to  drugs  and  ductless 

glands,  338 
— • thoracico-abdominal  diseases  of, 

349 
Sympathetico-tonus,  339,  555 
Synaesthesalgia,  184,  400 
Syncope  distinguished  from  "petit-mal," 

68 
Synkinesia,  87,  88,  208 
— ■  in  chronic  hemiplegia,  87 

—  as  family  stigma,  88 

—  imitative,  87 

— -  physiological,  in  children,  87 
Sj'philis,  cerebro-spinal  fluid  in  diagnosis 
of,  420,  425-427 

—  diagnosis  of,  462 

—  epilepsy  secondary  to,  70 

—  irregularity  of  pupils  in,  70,  125 
— •  meningitis  of,  174 

— •  palatal  perforation  from,  108 
— -third  nerve  palsy  from,  132 
Syringobulbia,  198 
Syringomyelia,  78,  198,  216 

—  arthropathy  (diagrams),  199,216,306, 
307 

—  claw  hand  in,  265 

—  dissociated  anaesthesia   in,    191,    198, 
216 

—  fibrillary  tremors,  78  • 

—  loss  of  deep  reflexes  in,  323 
— ■  muscular  wasting,  198,  220 

—  ocular  fij^mptoms,  125 

—  pain  from,  167 

—  perforating  ulcers  in,  293 

—  spontaneous  fractures  in,  305 

—  thermo-anaesthesia      and      analgesia 
(diagrams),  198,  199,  306 

—  trophic  changes  in  joints,  216,  306,  307 

Tabes,  anesthesia  of,  198,  199 

(diagram),  199 

— 'ankle-jerks,  321 

—  anosmia,  116 

—  Argyll -Robertson    i)henomenon,    124, 
126"^ 

— -arthropathy,  diagnosis  of  cases,  305, 

306 
— •  ataxia  in,  253,  254,  279 

—  bulbo-cavemosus  reflex,  loss  in,  335 

—  cerebro-spinal   fluid   in   diagnosis   of. 
425,  426 

—  crises  in,  177,  349 

—  delayed  sensation  in,  188 

—  gait  in,  271 

—  girdle  pains  in,  175 

—  hjrperajsthetic  areas  in,  182,  192,  198 
— (diagram),  199 

— -hypotonia  in,  273,  274 

—  involuntary   movements  in,   88,   305 

(fig-) 


Tabes,  joint  and  kinEesthetic  sense,  loss 

of,  190  ^ 

— •  laryngeal,  110 

—  lightning  pains  of,  182,  193 

—  light  reflex,  loss  of,  126,  327 

—  muscular  and  tendinous  analgesia,  191, 
199 

—  myosis,  125 

—  nasal,  crisis  in,  117 

—  optic  atrophy,  primary,  123 

—  perforating  ulcers  in,  292,  294 
■ —  pseudo-athetosis  in,  88 

—  pupils,  irregularity  of,  125 

—  reflexes,  126,  317,  323,  327 

—  Romberg's  sign  in,  253 

—  skin  traction  sense,  loss  of,  189 

—  spontaneous  fractures  in,  305 

—  squint  in,  124 

—  sudden  falling  in,  250 

—  transient  paralysis  in,  250 

—  trophic  changes,  292,  303 

—  vibration  sense,  loss  of,  191 
Tachycardia,  536,  541,  542,  555 
Tachypncea,  hysterical,  396 
TactUe  sense,  12,  13,  15,  16 
loss  of,  18,  191 

—  —  tests  for,  187 
Talipes  equino-varus,  22 1 
Tangentia.'  wounds  of  head,  468 
Taste,  cortical  centre  for,  39 

—  course  of  fibres  serving,  39,  140,  150, 
157 

(diagrams),  facinq  140,  147 

—  disorders  of,  140,  141,  147,  150,  15S 
hysterical,  374,  381,  383 

—  in  fifth  nerve  palsy,  141 

—  tests  for  sense  of,  140 

Tear  secretion,  paralysis  of,  142 
Tecto-spinal  tract,  11 
Tegmental  lesions,  83,  455 
Temperature  in  cerebral  haemorrhage,  56 

—  sense,  fibres  serving,  14,  15,  17 

—  tests  for,  187 

Temporal  lobe,  disease  of,  39,  41,  72,  4-50, 
464 

—  region,  lesions  of,  488 
Tendons,  sensibility  to  pressure,  190 
Tetanus,  74,  429,  508 

— -general  and  localised,  509,  510 
Tetany,  74-76, 250 

—  and  cataract,  76 

—  Chvostek'  s  sign  in,  75 

—  endemic,  of  shoemakers,  76 
— ■  epidemic,  from  ergotism,  76 

—  Erb's  sign  in,  75 

—  from  extirpation  of  parathyroids,  75 

—  Trousseau's  sign  in,  75 
Tethelin,  25 

Thalamic  syndrome,  16,  167,  192,  195, 
210,  453-454 

pleasure  and  pain  in,  192 

Thalamo-cortical  pathway,  5 
Thecal  puncture,  414 

therapeutic  uses  of,  427-432 

Thermalgia,  183,  197,  356,  519 
Thermic  nystagmus,  130 
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Thermo-anaesthesia,  191 

I'hiffh,  motor  points,  Erb's  diagrams,  405, 

Thirst,  oortical  centre  for,  41 
Tbomaen's  disease  (Myotonia  congenita), 

245,406 
Thoracic  nerves,   lesions   of,   producing 

ocular  symptoms,  341 
Tiiruinbosis  of  cavernous  sinus,  45 

—  cerebral,  41,  44,  59,  M,  101,  154,  169, 
418 

—  spinal,  43,  51 
Thumb  reflex,  314 

--sign  in  ulnar  paralysis,  224 
Thyroid  gland,  over-action  of,  537,  555 
Th3-roidi8m,  dys-,  555 
"Tibialis  phenomenon,"  208 
Tic  douloureux,  91,  173 
Tics,  89, 113 

—  distinguished  from  chorea,  89 

—  psychasthenic,  366,  554 
Tinnitus,  152,  157,  169 
Tobacco  amblyopia,  120, 123 

—  intoxication,  542 
Tongue,  ataxy  of,  110 

—  biting,  in  epilepsy,  67 

—  herai-atrophy,  142,  159 

—  innervation,  140,  157 

—  paralysis,  108,  163-165 

—  taste  fibres  to,  140,  147,  157 
Tonic  innervation,  209 

—  rigidity,  12 

Tonu-i,  muscular,  15,  86,  227,  254 
Tooth's  peroneal  muscular  atrophy,  221 
Torcular  Herophili,  44 
Torticollis,  fixed  or  congenital,  262 

—  labyrinthine,  90 

—  neuralgic,  90 

—  I)rofe88ional,  90 

—  spasmodic,  89 
Touch.     See  Tactile  sense 
Toxic  neuroses,  542 

—  vertigo,  155 
Toxicophobia,  366 
Training,  effect  on  conduct,  537 
Trance,  hysterical,  64,  385 

—  hypnotic,  64 

—  katatonic,  64 

—  from  war -shock,  545 
Transient  paralysis  in,  244  et  seq. 
Traumatic  cerebral  compression,  56,  472 

—  narcosis,  54 
Tremors,  80-84 

—  in  children,  83 

—  emotional  excitement  and,  81 
reaction,  536,  541,  542 

—  exophthalmic  goitre  and,  81 

—  fatigue  causing,  81 

—  hysterical,  545,  551 

following  shell-explosion,  93 

—  intention,  259 

—  in  lesions  of  tegmental  region,  83 

—  neurasthenia  and,  81 

—  -  of  paralysis  agitans,  81 

—  -  in  progressive  lenticular  degeneration. 


Tremors,  Quinquaud'ssignin  alcoholism, 
81 

—  senile,  82 

—  toxic,  81 

—  in  tumours  of  frontal  iobe,  84 
Trench-feet,  284,  354 
Triceps-jerk,  318,  322 
Trichiniasis,  231.  423 
Tricho-anse^thesia,  187 
Trigeminal  ner\-e.     See  Cranial  neives 

—  neuralgia,  173,  174 
Trismus,  510 

Tromner's  finger-phenomenon,  326 
Tropho-neuroscs,  287-311 

—  bones  and  joints,  303 

—  generalised  trophic  disorders,  287 

—  skin  and  its  appendages,  291 
Trousseau's  sign  in  tetany,  75 
TrypanoEome  of  sleeping  sickness,  423 
Tubercles  of  choroid,  123 
Tubercula  dolorosa,  183 

Tuberculin,  Calmette's  and  von  Pirquet's 

reactions,  464 
Tuberculous  growths  in  brain,  464 

—  meningitis,  169,  419,  422,  424,  427 
Tuberose  sclerosis,  463 

Tumours,  abdominal  phantom,  396 

—  diagnosis  of,  51,  443 
pathological,  462 

—  intra-cranial,  72,  123,  155,  169,  171, 
435,  443  et  .teq.,  455 

attitude  of  head,  282 

blue-blindness  in,  120,  444 

central  ganglia,  453 

cerebellum.  151,  155,  171,  258,  282 

ataxia  in,  258 

attitude  of  head  with,  282,  459, 

460 

cortical,  458 

fits  due  to,  65,  76,  459 

extra-  and  intra-cerebcllar,  458- 

459 

lateral  lobe,  459 

middle  lobe,  458 

skew  deviation  with,  459 

coma  in,  61 

corona  radiata,  453 

corpora  quadrigemina,  454 

corpus  callosum,  454 

crusta  of  crus  cerebri,  455 

diagnosis  of  pathological,  462 

drowsiness  in.  437 

epileptic  fits  from,  70,  445 

fourth  ventricle,  462 

frontal  region.  449 

anosmia  in,  449 

tremor  in,  84 

giddiness  in,  445 

headache  in,  169,  171,  443,  444 

hemianopia  from,  8,  120,  453 

hernia    cerebri  after  craniectomy, 

478 

of  infundibulum,  435 

internal  capsule,  453 

Jacksonian  fits  in,  447,  448,  440 

lumbar  puncture  for  inoperable,  42S 
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Tumours,         intra-cranial,  medulla 

oblongata,  462 

meatal  dulaess  in,  445 

of  raid-brain,  125,  434,  454,  425 

modes  of  producing  sj-mptoms,  443 

motor  cortex,  448 

occipital  lobe  (case  of),  8 

region,  452 

optic  neuritis,  123,  443,  444 

pineal  bodj',  454  ' 

pituitary,  121,  288,  435,  455-457 

pons,  461 

ponto-cerebellar,  459 

— • — -post-central  convolution.  451 

postero-parietal  lobule,  452 

pre-central,  447  (fig.).  448 

pre-frontal,  449,  450 

slowness  of  breathing,  446 

of  pulse.  445 

supra-marginal  and  angular  con- 
volutions, 451 

tegmental  region  of  crus  or  pons,  455 

temporal  lobe,  450 

vermis,  458 

vomiting  in,  445 

■ —  —  in  war,  493 

—  pelvic,  161 

—  of  spinal  cord,  213 

differential  diagnosis,  213,  214, 

419 

meningeal,  174,  181,  182 

Tuning-fork  tests  for  hearing,  151 
Typhus,  "coma-vigil"  of,  64 

Ulcers,  perforating,  292 

—  rodent,  296 

Uhiar  paralysis,  223,  224,  512,  514,  534 

—  spasm,  93 

Uncinate  gvrus.     See  under  Gj'ras 

—  fits,  71.451 

Unilateral  bulbar  syndrome,  257 
Unverricht's  familv  myoclonus,  78,  79 
Ursemia.  coma  of,  62,  429.  438 

—  convulsions,  70,  72,  4P5 

—  Jacksonian  fits  in.  72 
Urine  in  alcoholic  poisoning,  61 

—  diabetic,  63 

—  dribbling  of,  330,  332 

—  hvsterical  incontinence  and  retention, 
394 

suppression,  397 

—  reflex  incontinence,  330 

—  retention  of,  330 

—  in  ura?mic  coma,  62 
Urticaria  scripta.  355,  397 
(illus.),  133.398 

Uterine  disease,  headache  from,  169 

—  reflex, 327 

Vago-tonus,  339 

Varicella  and  herpes  zoster,  175 

Varicose  sciatica,  180 

Vascular  causes  of  insomnia.  440 

Vaso-constriction  in  sleep,  433,  434 

Vaso-neuroses,  350-357,  395-397 

Vaso-vagal  attacks,  350 


Vegetative  nervous  system,  334-357 
Vegetative-neurosis,  ,555 
V^eins,  intra-cranial,  44,  45 
Ventral  longitudinal  tundlo.  11 
Ventricles,  cerebral  wounds  of.  469,  470 
Verbigeration,  546 
Vermis,  18,  22,  23 

—  tumours  of,  458 
Verrucosis,  congenital,  297 
Vertebral  arteries,  41,  43 
Vertigo,  causes  (\   153, 154 

—  galvanic,  154 

—  labyrinthine,  156 

—  ocular,  155 
• —  toxic,  155 
Vesical  reflex,  327 
Vestibular  ataxia,  255 

—  attitude  of  head,  282,  459,^60 

—  nerve,  central  connections  oi.  i0 
lesions,  135,  150 

tests  for  integrity,  130 

—  nvstagmus,  130 

—  path,  40 

Vestibulo-spinal  tract.  11,  19,  21 
Vibrant  electricity,  400 
Vibration  sense,  12,  18,  186,  181 
Vidian  nerve,  140  o. 

Visceral  disease,  reflected  pains  in,  175 

—  phenomena  of  hysteria,  395-397 
Vision,  colour  tests  for,  118 

—  fibres  of,  path  of,  37-39 

—  field  of,  concentric  contraction  of,  120, 
452 

• hyperaesthesia,  374 

hysterical,  381-383 

blindness,  382-383 

measurement,  119 

-in  myasthenia,  120,  245 

■ —  lesions  producing  loss  of,  485 
Visual  acuity,  tests  for,  117 

—  aphasia,  96,  101 
centres  for,  38,  102 

cortical  and  subcortical,  101 

(diagrams),  86,  97,  102 

—  cortex,"29-32,  37-39,  451 

—  fibres  in  optic  chiasma,  122 

—  fields,  concentric  contraction  of,  120 

—  hallucinations,  72,  453 

—  word-centre,  97,  101,  451 
Visuals  and  auditives,  98,  ICO 
Vocal  word-centre,  96 

Von  Graefe's  sign  in  exorhthalmic  goitre, 

348 
V.  Vollanann's  ischaBmic  paralysis,- 231, 

232 
Vomiting,  3,  147,  150,  154,  155,  156,  169, 

172 

—  cerebral,  445 

—  hysterical,  395-396,  551 

—  reflex,  3 
Vorbei-zeigen,  22,  255 

Walking.     See  Gait 
AVallerian  degeneration,  27,  29 
War-lesions,  organic,  of  netvons  system, 
466-535 
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War  neuroses,  536-557 

causation  of  concussion,  541 

clinical  varieties;  anxiety  neurosis, 

554 
concussion  neurosis,  545 

—  —  • —  epilepsy,  556 

fright  neurosis,  555 

hysteria  or  suggestion,  546 

katatonic  stupor,  545 

neurasthenia  or  exhaustion,  553 

psychasthenia,  554 

reflex  paralyses,  552 

deaf-mutism,  il4 

emotional  shock  in,  536 

exiiaustion,  541 

heredity,  543 

—  —  mutism,  64 

pain,  542 

poisoning,  542 

suggestion,  539 

—  trance,  64 

Wa^sermann  reaction,  419,  402 
Weber's  law,  190 

—  syndrome,  8,  211,  455 

—  test  for  hearing,  151 
>Ver(lnig-Hoffman   type    of   progressive 

muscular  atrophy,  220 
Womcr's  "meraoria  technica"  for  false 

images,  128,  129 
Wernicke's  homiopic  pupillary  reaction, 

127, 453 

—  zone,  disintegration  of,  104 
Whitlows,  painless,  198,  293 


'■  Willis,  circle  of,"  41 

Witches,  378 

Word-blindness.     See  Visual  aj^hasia 

Word-centre,  auditory,  96 

—  (diagram),  97.  102 

—  visual,  90,  98 
■ —  vocal,  96 

Word-deafness.     See  Auditory  aphasia 
Word-swallowing,  89 
Wounds  of  brain,  466-496 

—  of  head,  bursting  fractures,  471 

—  - —  penetrating,  470 

—  —  perforating  or  in-and-out,  460 
tangential  or  glancing,  468 

—  of  ijcripheral  nerves,  511-522 

—  of  spinal  cord,  495-508 

Wrisberg,  nervus  intermedins  of,  144, 150 
Wrist  reflex,  318 
Writer's  cramp,  249,  260 
Writing,  motor  centre  for,  97 

Xanthochromia  of  cerebro-spinal  fiuid, 

419 
X-rays  in  neurology,  400 

—  in  tumours,  446 

Yawning,  automatic  extensor  movements 
in,  87 

—  in  intra-cranial  disease,  446 
Yohimbine  poisoning,  408 

Zacharias,  instance  of  motor  aphasia,  103 
Zigzag  test  in  hysterical  anaesthesia,  380 
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